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REQUEST AGENT RASH NO, ACQ., AGENT
PAR RB4572 CIW

JET PROPULSION LAB,
EPHEMERIS DATA

CORRJPL

This data set consists of 3 tapes containing Ephemeris information for
all the planets and the Moon, The tapes were created on a UNIVAC 1108

computer and are 800 BPI, 7-track, binary with one file per tape,

The format for the data can be found on page 23 of the 'JPL Development
Ephemeris Number 69, Technical Report 32-1465', which is included in this

data set catalog,

The first record of each tape is a BCD header describing the general nature
of the information om the tape, The first and last words of each record

are control words which are not mentioned in the format,

The time spans for the tapes are as follows:

D# c# TIME SPAN
D-11597 €-09569 6/24/52 - 4/20/70
D-11598 €-09570 3/05/70 - 4/03/84
D-11599 C-09571 1/13/84 - 11/30/99
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Abstract

The third issue of JPL Ephemeris Tapes is described, and is designated JPL
Development Ephemeris No. 69 (DE 69), It is a special-purpose ephemeris that
covers a short time span and does not replace DE 19 (Ref, 1) as the JPL export
ephemeris. These tapes carry the positions and velocities of the planets and of
the moon, nutations and nutation rates in longitude and obliquity, and second
and fourth modified differences of all these quantities for the interval from
October 28, 1961 to January 23, 1976. The description includes discussions of
the improvements in the Lunar Ephemeris and the planetary ephemerides made
subsequently to the second issue of the JPL. Ephemeris Tapes (DE 19). These
tapes will be distributed through the NASA Computer Software Management
and Information Center (COSMIC]).
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JPL Development Ephemeris Number 69

1. Introduction

The JPL Development Ephemeris 69 described in this
report is the third release from the JPL Ephemeris Tape
System. It is a special purpose ephemeris that covers a
short time span and will not replace DE 19 (Ref. 1) as
the JPL Export Ephemeris. For users who need plane-
tary positions before 1962 and after 1976, the DE 19
ephemeris is still available.

Julian date
(Calendar date)

244 2800.5
(1976 Jan. 23.0)

Julian date

Tape (Calendar date)

243 7600.5
(1961 Oct. 28.0)

DE 69

This ephemeris is the first gravitationally consistent
ephemeris computed and exported from JPL. The com-
putations are carried out by a system of programs re-
ferred to as the Solar System Data Processing System
{SSDPS). The numerical integration, the ohservational
data set, and comparison of these data with the simul-
taneous integrations of the nine planets are discussed.

JPL TECHNICAL REPORT 32-1465

The lunar data in DE 69 were not produced by the
SSDPS integration, but are nonetheless quite different
from those of DE 19. These data are the result of a
composite process that included a long-span numerical
integration of the moon only. The construction process
is discussed in some detail in the following section.

Planetary data are heliocentric and are expressed in
astronomical units (AU) and AU/day, and lunar data
are geocentric and expressed in fictitious units called
“carth radii” (Ren) and “earth radii”/day. Translation
between the geocenter and the earth-moon barycenter i3
accomplished using the earth/moon mass ratio p . The
values of these parameters currently recommended for
most satisfactory use of DE 69 are (Ref. 2) as follows:

AU = 149597,893.0  km

Bew = 6378.1492 km
81.301

pt=
Master copies of DE 19 and DE 69 have been supplied
to COSMIC, University of Georgia, which will serve as
the primary distribution point for these data.




. Lunar Ephemeris

The requirements of high-precision analysis of space-
craft data and the accurate determination of the
coordinates of DSN tracking stations have been major
motivating factors in the persistent efforts to improve
the quality of the JPL lunar ephemerides. Residual char-
acteristics have sometimes suggested problem areas and
potential improvement techniques. It is just such a situa-
tion that led to the development of JPL Lunar Ephemeris
Number 16.

A. Background

It has been noted for some time that the tracking sta-
tion locations derived from analyses of planetary space-
craft data differ systematically from the locations of the
same stations based on data from lunar missions, the dif-
ferences being on the order of tens of meters. This cir-
cumstance has been difficult to understand. If it were
attributed to errors in the Lunar Theory, or in its fitting
to observations, the size and nature of the error would
make it easily observable, On the other hand, the prolif-
eration of coordinate systems in astronomy presents a
more subtle pitfall. Van Flandern (Ref. 3) pointed out
that, for the fitting of the Lunar Theory to observations,
E. W. Brown determined the equinox from his own ref-
erence stars. Thus, the reference direction of the theory
Is unique to that theory; it is apparently very near to
Newecomb’s equinox. To be consistent with the planetary
ephemerides based on modern observations, the Iunar
ephemeris should be referred to the FK4 coordinate
system (Ref. 4), It seems safe to assume that virtually
all users of the JPL Ephemeris Tape System have, from
its inception, tacitly assumed that this was the case. This
must be regarded as an error in the precepts for applica-
tion of the ephemeris rather than in the ephemeral data
themselves, Nonetheless, the transformation to the FK4
model should be done in the Ephemeris Tape System, if
the necessary parameters are known,

Van Flandern has, in fact, undertaken to solve for the
transformation between Brown’s equinox and that of
the FK4, as a part of a more general study to correct the
lunar elements, A very preliminary discussion of this
effort is given in Ref. 3, and a complete solution is pre-
sented in Ref. 5. These latter results were not the final
results of the work; some of the values have changed
subsequently, but the equinox shift has remained fairly
stable throughout the work, However, the coupling be-
tween parameters is such that the equinox shift so
derived should be applied as a part of the overall system.

B. Transforming the JPL Ephemeris

This entire question will vanish when the lunar
ephemeris is based on a numerical integration fit to real
observations referred to the FK4 frame. This work is
underway, but may not be expected to produce opera-
tionally useful results for some time yet. Nonetheless,
previously reported work (e.g., Ref. 6) has indicated the
urgent need for an integrated lunar ephemeris for opera-
tional use, and it seems desirable that it be on the FK4
system if possible,

The problems involved in producing long-interval inte-
grations of the lunar motion were discussed in Ref. 7,
where the effects not modelled in a PLOD integration
(Ref. 8) were described, as was a theoretical ephemeris
(LE 13) which had these effects removed analytically. In
attempting to place such an ephemeris on the FK4 sys-
tem, no alternative currently exists but the application
of the results in Ref. 5. The corresponding expressions to
be applied to a theoretical ephemeris were supplied by
Van Flandern and these were applied to LE 12. The
effect of the equinox shift was to change the mean longi-
tude by an amount

AL = —078746 + 07732T

T in centuries from 1950. It may be presumed that this
ephemeris (LE 14) is on the FK4 system, contains none
of the effects known to be unmodelled in PLOD, and
suffers the gravitational defects of the Brown theory.
This was used as a source theory to which a PLOD
numerical integration was fit over the interval 1950-
1970. The statistics of the fit are given in Table 1, where
the ephemeris is designated LE 15, This ephemeris does
not have the gravitational defects of the Brown theory,
but cannot be used directly because of the effects un-
modelled in the integration, the effects that were re-
moved analytically in the construction of LE 12. Thus, it
was necessary to replace them; this was done by analytic
modifications applied to the coordinates of LE 15. This

Table 1. Statistics of the fit of LE 15 to LE 14

Coordinate 8¢ reos B &) rdf
Mean deviation +64.2m -02m —48 m
Standard deviation 223.8 211.4 249.5
Extremal deviation +851.4 +757.7 —758.8

JPL TECHNICAL REPORT 32-1465

-~

T |



last step in the sequence was designated LE 16", which
should fit Van Flandern’s version of the Brown theory
in the same way that LE 15 fits LE 14, A sample com-
parison of LE 16 with LE 4 (Ref. 9), which is in DE 19,
is given in Fig 1.

Because of the interest in the station location problem,
and of the insensitivity of the Mariner trajectory to such
small changes in the lunar ephemeris, LE 16 was in-
corporated into DE 69, the operational ephemeris for
Mariner Mars 1969 pre-encounter activities. It is not yet
clear how much of an improvement the equinox shift
has produced, but station location analyses by other JPL
investigators (Refs. 10 and 11) indicate that spacecraft
trajectory residuals are reduced by use of LE 16. Although
consistency between lunar and planetary mission results
has not yet been achieved unambiguously, the disparitics

*This discussion presents some insight into the proliferation of LE
and DE numbers in the ephemeris development effort. Each dis-
tinct ephemeris receives a number, to minimize possible confusion.
In this case, LE 12, 14 and 15 will never be used operationally,
but they were necessary steps in the construetion of LE 16.

are reduced in most cases, The initial tests of the appli-
cation of real observations of the moon have also been
encouraging. The lunar starting conditions for a ten-body
integration were taken from LE 18 and, while the inte-
gration and comparison with observations covered only
100 days, an equinox error would appear as a roughly
constant bias in right ascension. None was observed as
large as a few tenths of an arc second.

IIl. Planetary Ephemeris

A. Numerical Integration

The current JPL Export Ephemeris, DE 19 (Ref, 1),
consists of nine successive single-body integrations. The
relativistic differential equations of motion used in this
integration were based upon the Schwarzschild line ele-
ment which is given in Brouwer and Clemence (Ref. 12).

The SSDPS was completed late in 1967, It is a series
of programs that is used to integrate numerically the
motions of the nine planets simultaneously, compare

YEAR
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Fig. 1. Effects of TVF corrections—LE 16—LE 4,
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with optical, radar, and spacecraft observations, form
partial derivatives with respect to the orbital elements
and additional parameters, and provide corrections to
the initial set of osculating elements and parameters.

The heliocentric equations of motion are:

He=—lwotw)u= ) wiley— ) +R (b m)
iz1, 10
it]
where
&=

Ui =178

i; = 8i;7° 8ij

w; = Gm;  where G = (0.01720 20989 5)2
w, =G

The function R is used to introduce the effects associated
with general relativity.

In order to be compatible with the form of the rela-
tivity metric used in the double-precision orbit deter-
mination program (DPODP), the SSDPS used the
“Robertson” form of the metric (Ref. 13). The Robertson
parameters 8 and y are now input quantities with the
nominal values of unity. With these values, the equations
reduce to the isotropic form of the metric.

The vector transformation, relating standard form co-
ordinates r to isotropic coordinates p, 1s

This transformation, together with its first time deriva-
tive, must be used to convert the new isotropic coordi-
nates and velocity components in DE 69 to the standard
Schwarzschild metric used in DE 19, Here, m is the
Schwarzschild radius.

m = 147 km

The values of the Sun/planet mass ratios have been
altered from those appropriate for DE 19. In DE 19 the
planetary masses were identical with the internationally
adopted set [(IAU), 1964] and are given in the first
column of Table 2. The planetary masses used in the
60-year integration reflect more recent determinations

{Ref. 2).

Table 2. Reciprocal planetary masses

Plane? 1AU (1964) JPL (1969)
Mercury & 000 000 5 983 000
Yenus 408 000 408 522
Earth-moon 329 390 328 9001
Mars 3 093 500 3 098 700
Jupiter 1 047.355 1 047.3908
Saturn 3 501.6 3 499.2
Uranus 22 869 22 930
Neptune 19 314 1% 250
Pluto 340 000 1 812 000

Sun = 1.0.

The mass of Mercury is derived from analysis of radar
observations of Venus, The mass values used for Venus,
Earth-moon and Mars are based on radio tracking data
from the Mariner, Ranger and Surveyor spacecraft series.
The masses of Jupiter, Saturn, and Uranus result from the
rediscussion by Mulholland (Ref. 14). The masses of
Neptune and Pluto result from more recent work by Gill
and Gault (Ref. 15) and Duncombe, et al, respectively
(Ref. 16), These masses are given in column 2 of Table 2.

The epoch conditions for DE 69 are referred to JD 244
0800.5, O*ET, August 2, 1970, This date has been chosen
as the standard 400-day date in 1970 which will be used
by the ephemeris group of representatives from NASA,
the U. 8. Naval Weapons Laboratory (NWL), the U. S.
Naval Observatory (USNO), and JPL.

B. Observation Set

Optical observations from 1910~1968 from the Six and
Nine Inch Transit Circles of the USNO have been col-
lected and placed in a uniform format on punched cards
(Ref. 17). The collection of the data over the period
1911-1949 was made by C. Oesterwinter (NWL),
Dahlgren, Virginia. These observations were initially
compared with DE 28 (Ref, 18). The mispunched cards
and obvious printing errors were found and corrected.
The final optical data set of over 34,000 observations
covering the 60-year period is given in Table 3.

Radar range data from various radar sites have been
collected. The collection of these data has been a joint
effort by MIT-Lincoln Laboratory and JPL.
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Table 3. Transit circle observations

Number of obsarvations
Planet USNO transit circle Period -
Right ascension Declination
Mereury &in. 241 9937.2-243 96543 (1913-1967) 1756 1695
9 242 1867.2-243 1174.2 (1918-1944) 550 532
2306 2227
Venus 6 242 0391.3-243 96793 (1914-1967) 2741 2582
9 242 2113.3-243 1129.1 (1919-1944) 451 436
3212 3018
Mars & 242 4793.8-243 9658.5 (19261967} 549 528
] 942 0105.8-243 1164.5 (1913-1944) 122 120
671 648
Jupiter 3 242 4311.8-243 $548.6 (1965-1967) 656 624
9 247 0330.8-243 1165.6 (1914-1944) 260 257
%14 881
Saturn & 247 4607.8-243 9433.6 (1926-1966) 560 622
] 242 00B5.8-243 1122.6 (1914-1944) 280 280
940 202
Uranus 6 247 4380.8-243 9595.6 (1925-1967) 639 628
9 247 0321.8-243 1061.7 (1914-1943) 247 245
884 873
Neptune 6 247 4531.8-243 9662.6 1925-1967) 618 606
242 0129.8-243 1214.6 (1913-1944) 285 283
903 B89
Sun 6 241 9174.2-243 9682.2 (1911-1967) 5973 5695
9 249 1B67.2-243 14442 (1918-1944) 1496 1668
7669 7363

The current ephemeris can predict the position of
Venus to better than 20 us in range. It has been found
that the inclusion of Arecibo Ionospheric Observatory
(ATO) data degrades this ephemeris. A systematic bias of
approximately 30 us appears in the residuals. Conse-
quently, most AIO data have been removed from the
data set pending re-examination of these data which is
currently under way at AIO. The data set used in this
development ephemeris is given in Table 4. This radar

datum is also placed in a uniform format on punched
cards (Ref. 17).

The first use of spacecraft data in ephemeris devel-
opment is under way with the 80-year ephemerides. A
total of 214 planetary range points covering the period
June 21 to November 12, 1967 from the R&D planetary
ranging system on Mariner V were used. These points
are of 0.1 ps accuracy. Through the perturbations by
~ Venus on the orbit of Mariner V during the encounter
phase, the center of gravity of Venus can be determined
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at the time of encounter by Mariner YV to 100 m in
geocentric range and 5 m/day in geocentric range rate?,

C. Ephemeris Computations

Tn the spring of 1968, the first simultaneous integra-
tion of all the planets was made at JPL. The initial con-
ditions were close to those found in DE 19. These DE 19
initial conditions resulted from individual numerical
integrations of all the planets using the relativistic
differential equations fit to either the source theories
from the USNO, or the Newcomb theories as pro-
grammed by N. Block in 1963. The initial conditions of
Venus and the earth-moon barycenter differ from DE 19.
These improved initial conditions are from DE 26.° These

*This assumes that the speed of light is given exactly by the IAU
value of 299792.5 km/s.

“Lawson, C. L., “Announcement of JPL Development Ephemeris
No. 26, Internal Document, Jet Propulsion Laboratory, Pasadena,
Calif., June 7, 1967.




improved Venus and Earth-moon ephemerides resulted
from comparison of the theories with optical observa-
tions from the 6-in. transit circle of the USNO between
1950 and 1965 and planetary radar from JPL, MIT, and
ATO between 1961 and early 1967. A set of masses
unlike those used in DE 19 or DE 69 were used (Ref. 14).
The epoch conditions at JD 244 04005 were altered to
reflect this change in planetary masses by constraining
the osculating mean motions while adjusting the values
for the semi-major axis. The expression

n%a® = k2 (1+m+8&m)

was used. A forward integration was made to the chosen
“standard epoch” 2440800.5. At this point, the integrated
epoch conditions for 1970 were used to begin a 20-ycar
backward integration.

The initial comparison with the combined set of
planctary range data of AlO, the Millstone Hill and
Haystack sites of MIT, and JPL’s, Venus sitc showed
variations which were quite large (see Figs. 2, 3, and 4)
as follows:

(1) +4000 to —2000 ps for Mercury.

(2) +1500 to approximately 0 ps for Venus with a
positive offset.

(3) +3000 to — 1000 ps for Mars.

These radar residuals along with a set of USNO 8-Inch
Transit Circle Observations over the period 1950-1967
were used to correct the orbital elements of all the
planets except Pluto, along with the radii and the
astronomical unit.

A 56-parameter solution was made using these data.
A rank 52 solution of an cigenvalue-eigenvector analysis
was applied to the original osculating elements and a
new integration performed‘. The magnitudes of the
radar range residuals were reduced by two orders of
magnitude.

This first gravitationally consistent ephemeris com-
puted at JPL was used from the Spring of 1968 until
February 1969. At the completion of this initial effort,
it was known that the outer planets were improved over
the currently available ephemerides, but also that there
was a need to fit over a much longer arc in order to

‘Lawson, C. L., “Eigenvalue-Figenvector Analysis for SSDPS,” In-
ternal Report, Jet Propulsion Lahoratory, Pasadena, Calif,, Jan. 17,
1968.

Table 4. Radar range observations

Number of
Data source Period ohservations
Mercury
AlD 743 §493.2-243 9363.2 (1964-1966) 1%
Haystack (MIT) | 243 9425.3-244 00642 {1966—1968) 88
Summary 19641968 207
Venus
Haystack (MIT) | 243 9161.3-244 0063.2 (1967-1948) 63
JPL (Venus
DSS) 243 8541.2-243 9707.6 (19641967} 284
Millstone Hill
(MIT) 243 8447.0-243 9725.2 (1964-1967) 101
Summary 19641968 448
Mars
AlLO 243 8719.0-243 8%15.0 (19464-1965) 3%
Haystack (MIT) | 243 9587.7-243 9641.5 (1967) 10
Summary 19641967 4%

obtain definitive ephemerides. Further, a longer arc of

optical observations was needed to better determine the —

orientation of the ecliptic and the mean longitude of the
earth-moon barycenter. Consequently, a 60-year numeri-
cal integration of the motion of the planets was made.

After a coordinate transformation to place the epach
conditions originally on the Schwarzschild metric into an
isotropic form, a 60-year ephemeris was integrated. The
interval of integration was from 1970 to 1910, and was
designated DE 61.

A simultaneous solution of 63 parameters of the solar
system was obtained reflecting the comparison of DE 61
with all the data discussed previously. The unknowns
which are considered are the elements of the eight
planets except Pluto, the right ascension and declination
limb bias for Mercury and Venus, the radii of Mercury,
Venus, and Mars, the six elements of Mariner V, the mass
of Venus, and the astronomical unit. After some con-
sideration, a rank 55 solution from the eigenvalue-
eigenvector analysis was selected for re-integration.

D. Comparisen with Theory

The Mercury radar range residuals are shown in
Fig. 5. These residuals are the result of the solution just
discussed. The mean error for the fit of data is 57 us.
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Fig. 2. Mercury radar range residuals with DE 35.
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The increased radar detectahbility by the decreasing
limits of radar residuals, as the data become more cur-
rent, should also be noted. The standard deviations of the
residuals on Mercury optical data are 170 in right ascen-
sion and 079 in declination.

Venus radar range data are from Millstone Hill,
Haystack and JPL-Goldstone, the AIQ data having been
removed as a result of the previous discussions. The
residuals based on DE 69 are shown in Fig. 6. The stan-
dard deviation for the fit of this data is 50 psec.

The structure to be seen in the 1965/1966 Venus radar
range residuals must be regarded as an anomaly in the
modeling of the masses. If one considers the masses
better known from spacecraft tracking, and therefore
fixes the values, the reduction of degrees-of-freedom will
cause the “feature” to appear in the Venus residuals. By
altering the mass of Mercury, the feature and the overall
sum of squared residuals are diminished.

The structure in the 1967 Venus-residuals has been
removed. It was caused by mis-identification of the time
base of the measurements.

Figure 7 shows the Mariner V residuals with respect to
the 60-year integration, The precision of this new data type
is seen by the scale which is in tenths of microseconds.

The optical residuals of Venus in right ascension have
a standard deviation of 1”2 and in declination 079.

The 39 radar observations of Mars taken in 1964 at
AIO, and the 10 high-precision-compressed points taken
at Haystack in 1967, are shown in Fig. 8 compared to
DE €9, The standard deviation, excluding the few early
points, is 50 ps. The radar observations of Mars taken at
JPL. during the Spring and Summer of 1969 have not
been included in DE 69.

JPL TECHNICAL REPORT 32-1465

The Sun and the planets, Jupiter, Saturn, Uranus, and
Neptune, were fit to optical observations only. The resid-
uals of the outer planets except Pluto are shown in
Figs. 9 through 16. The periodic character of these re-
siduals is indicative that further work is necessary on
the planetary masses, Table 5 summarizes the statistics
on the fit of the observations to DE 69.

In Appendix C are given all of the values to be used
with DE 69. These reflect the solution just discussed.

Table 5. Statistics for fit of optical observations

Right oscension Declination
Planet Number of | Root mean | Number of | Root mean
observa- | square from | observa- | square from
tions mean tions mean
19391967
Mereury 913 94 864 93
Yenus 1653 1.22 1504 93
Mars 7 52 3560 54
Jupiter 524 45 498 48
Saturn 509 A8 484 53
Uranus 475 k] 465 43
Neptune 519 .85 506 .60
Sun 3526 76 3304 .60°
1910—1939
Mercury 1394 1.04 1363 .85
Yenus 1559 1.22 1514 92
Mars 292 72 288 52
Jupiter 392 54 383 56
Saturn 41 50° 416 .50*
Uranus An 48 408 51
Neptune 384 .56 383 A6
Sun 4143 .80* 4059 83
aThese are estimated errors.
11
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Appendix A

JPL Ephemeris Tape Format, Type 50

The JPL Ephemeris Tape Format, Type 50, contains
two information records at the beginning of each tape
followed by the data records, The record format may be
described as follows;

(1) The first record of each tape contains 24 BCD
words written in binary, These 24 words serve to
describe the general nature of the information on
the tape,

(2) The second record of each tape contains the fol-
lowing information in the order listed:

(a) Number of bodies on tapes = 10,

(b) A floating point 50, which denotes the Type 50
format.

(c} Initial Julian date for which data are provided,
(d) Final Julian date for which data are provided,
{e) Step size of the logical data record = 80 days,

(f) Ten pairs of numbers, The first number of the
pair denotes the body in increasing order out
from the Sun, with a zero used for lunar data.
The second number of each pair is the step
size of data provided for that body.

(3) The JPL Ephemeris Tapes contain data in buffered
and overlapped 8-day logical records. The end
points of the 8-day span are repeated as the first
points of the succeeding 8-day record. This for-
mat allows ease of handling by the interpolation
program.

The format for the JPL Ephemeris Tape records is
listed in Table A-1. All data, with the exception of those
for nutations, are double precision, so that the total rec.
ord size is 1863 words, The step size for lunar data and
nutations is %2 day, Mercury data are given in 2-day
steps, and all other data in 4-day steps.

The Julian date is the epoch (Ephemeris Time, ET) of
the start of the data record, Lunar positions and velogi-
ties are referred to the geocentric equatorial rectangular
reference frame of the mean equator and equinox of
1850.0 = JD 243 3282493, They are expressed in units
called “earth radii” and “earth radii”/mean solar day.

"1 lanetary positions and velocities are referred to the

JPL TECHNICAL REPORT 32-1465

heliocentric equatorial rectangular frames of 1950.0, and
are expressed in units of AU and AU/mean solar day.

The conversion of position and velocity tabulations to
laboratory units, such as kilometers and kilometers per

Table A-1. Ephemeris tape record format

Word §
ord in Date*
record
4] Jufian Date
2 Mercury:

X, d%, 'K, Y, &Y, d'Y, Z, L, d'z
Followed by four more position data points
X, R, d'K, ¥, Y, d, 2, &3, 4%
Followed by four more velocity points

182 Venus:

X X, d0 Y, dY, dY, 7, 82, d'z
Followed by two more position data points
X, &k, d'%, ¥, &Y, &, 3, 3. 9%
Followed by two more velocity data points

2%0 Earth—moon barycenter:

Same as Yenus
398 Mars:

Same as Venus
504 Jupiter:

Same as Vanus
614 Saturn:

Same as Venus
722 Uranus:

Same as Venus
830 Neptune

Same as Venus
938 Pluto:

Same as Venus
1046 Moon;

X d% XY, &Y, d, 1, L d'7

Followed by sixteen more position data points

X, &%, d'%, ¥, Y, &V, 7, 813, g'F

Followed by sixteen more velocity data points
1658 Nutations:

AF, AT, &' AW, Ag, d'Ae, diAe

Followed by sixteen more nutation dafa peints
&k, AT, &' A, AL, Al d'ad

Followed by sixteen more nutation rate data points

1862 Check sum

"Where d? and 4* are defined as in Eq. (A1),
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second, requires scaling by the conmversion factors
kilometers/AU and kilometers/“earth radius.” Conversion
of planetary data from a heliocentric to a geocentric
frame of reference requires specification of the earth-
moon mass ratio u to locate the earth-moon barycenter
in the geocentric frame, Finally, if data are required for
a particular epoch in Universal Time (UT), the time cor-
rection At, = ET ~ UT must be specified.

Interpolation

The JPL ephemeris (format type 50) contains modified
second and fourth differences computed as follows:

d? = Sj +a, 8‘; + a, 3?
(A1)
di=8+a,8+a, s

whera
s = —0.013120
e = —0.278269

s = (1004299
a = 0,068489

~ These modified differences are intended to facilitate the
" use of Everett’s fifth-order interpolation formula which
may be written as

y{t;+ sh)=Pls) =y, F\ (1 = 5) + & F, (1 - )
+diF, (1-s)
+ Y Fo(s) + d2 | F. (s)
+di F.(s) (A2)
where
Fy(s) = s
Fo(s)=[(s ~ 1) (s) (s + 1)1/6
Fi)=Us=2) (s = 1) (s) (s + 1) (s + 2)]/120
Equation (A.2) is to be used only with 0 < s < 1. in

which case, the truncation error can be shown to be
bounded as follows:

9
Y=P|< S bM,+ b, © (A3
k=6

JPL TECHNICAL REPORT 32-1465

where
% = max | §%|
%
i/f\k = h* max )ﬂ
dt*
by = 835 X 107
b, =899 X 10~
b, = 3.05 x 10"
b, = 348 X 10-

blG = 2.40 X ].()—‘!k

The quantities of M, are given in Table A-2 for
k= Q 1, -+, 15 as computed from DE19B. The quan-
tity M,, has not been computed directly because of
the difficulty of computing d y/dsw. However, since
B (d y/dee) = s — (5/12) w2 +.0, (Ref. 19), we
will use M, as an approximation to M,,.

With 1 10 replaced by M,,, Eq. (A.3) has been evalu-
ated, using the data given in Table A-2, and the result-
ing interpolation error hounds are listed in ‘Table A-3.

Table A-3. Bound for truncation error when using
fifth-order Everett interpolation formula®

Body Position Velocity
Mercury 8890.00 AU 4420.00 AU/day
Yenus 473 AU 0.62 All/day
Earth-moon

barycenter 5.19 AU 2.50 AU/day
Mars 674 AU 5.77 AU/day
Jupiter 6.64 AU 5.72 AU/day
Saturn 6.64 AU 5.72 AU/day
Uranus 6,64 AU 572 AU/day
Neptune 6.64 AU 5.72 AU/day
Plute 6.64 Al 572 AU/day
Moon 10100.00 earth radii 14500.00 earth
radii/day
Ay 0.46 rad 116 rad/day
Ae 0.23 rad 0.58 rad/day
Al entries have been multiplied by 10Y%; step size is 2 days for Mercury,
0.5 day for moon, Ay and Ag, and 4 days for all others.
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Appendix B
Description of FORTRAN IV Ephemeris Reading Subroutine READE

It should be noted that the format of the ephemeris
tapes in DE 69 is exactly the format of DF 19; hence,
any subroutine used to read DE 19 may be used without
modification to read DF, 69, The following subroutine
system has been submitted to COSMIC for secondary
distribution.

I. Identification

(I) READE read, interpolate, and translate JPL
Ephemeris,

(2) Program language: FORTRAN Iv,
(3) Machine: IBM 7094, UNIVAC 1108.

(4) C. L. Lawson (JPL) and J. E. Ekelund (Planning
Research Corp.), June 13, 19686,

ll. Purpose

This subroutine is to be used to obtain ephemeris
data from a JPL Ephemeris Tape, The data will be
interpolated to the Julian Ephemeris Date given by
JED + TSEC/86400. The position and velocity vectors
may be translated to provide the position and velocity
vectors of any requested set of bodies relative to any
requested central body.

M. Usage Part 1 (Basic Features)

A JPL Ephemeris Tape must be mounted on
FORTRAN Unit 12, The tape format must be Type 50
(see Appendix A).

The user's program must contain
statements:

the following

COMMON/CETBLI/AU, RE, TPD,EMRAT
COMMON/CETBL/ICW,ICENT,IREQ (13)

COMMON/CETBL4/TABOUT (6, 12), NUT (4)

26

DOUBLE PRECISION AU, RE, TPD, EMRAT,
TABOUT, NUT, JED,TSEC

CALL READE (JED, TSEC, IERR)

IF (IERR .NE. 0} GO TO (error procedure]

The parameters in CETBLI and CETBL2 and the
parameters JED and TSEC must be set by the user
before calling READE. READE will place its output
in CETBL4 and will set the error flag TERR and may
modify the flag ICW. The parameters are as follows:

Parameter Description

AU, RE, TPD

These three parameters determine units
of the output quantities, The planetary
ephemerides are recorded in AU and in
AU per ephemeris day. The lunar

ephemeris is recorded in “earth radii” |

and in “earth radii” per ephemeris day.
The nutation parameters are recorded
in radians and radians per ephemeris
day. The user must set;

AU = number of output linear units
in an AU

RE = number of output linear units
in an “earth radius”

TPD = number of output time units
in an ephemeris day,
EMRAT Ratio of the mass of the Earth to the
mass of the moon. This ratio is used to
locate the relative position of the Earth-
moon barycenter.
ICW Flag indicating the status of arrays into
which READE reads ephemeris tape
records. The user must set ICW = 1
before the first CALL to READE and
should generally leave ICW alone
thereafter.
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Parameter Description Parameter Description

ICENT Index of body to be used as central body  IERR Error flag set by READE:
relative to which coordinates of re-

ted bodies will be given. The i ¥ No error
doxes arer < W be given. The in- 1 (JED + TSEC/86400.D0) is smaller

than first date on ephemeris tape

2 (JED + TSEC/86400.D0) is greater
than last date on ephemeris tape

3 IREQ (J) is not 0,1, or 2 for some J

4 ICENT is not 12, -+ orl1
(Note that earth-moon barycenter is not 5 ICWisnot 1, 2, or 3,
a permissible center,)

I Mercury 5 Jupiter 9 Pluto
2 Venus 6 Saturn 10 Sun
3 Earth 7 Uranus 11 Moon
4 Mars 8 Neptune

[IREQ (j), IREQ(]) specifies the type of output
J=113] desired for body 7. IV. Usage Part 2 (Other Features)
IREQ (J) = 0 means no output Besides the COMMON blocks mentioned, there are
= I means position only other COMMON blocks used by READE and GETTAP

=2 means position and ve.  Which may be of interest to the user:

locity COMMON/CETBL3/TAB3(0829), NUTAT(204),

The body numbers are assigned as given CKSUM
above for ICENT with the addition of

—~ 12 for earth-moon barycenter and 13
for nutation parameters,

COMMON/CETBL3/BIVECT(6,13)

COMMON/ CETBLY/JD], TDAY, JDIF, IERR1

{[TABOUT(I,J), Output coordinates. The first index runs COMMON/REC1/RECL (24)

I=186], through xy,249 and % in that order.

= 1,12} The second index is the body number. COMMON/REC?2 /TBODY, TYPE, AJD, BJD, STEP,
[NUT (1), Output values of the nutation param- DUM20{20)

I=14] eters:

DOUBLE PRECISION TAB3, BIVECT, JDI, TDAY,
NUT(1) =4y =a longitude JDIF
( A

NUT(2)=as =2 obliquity

REAL NUTAT
NUT (3) = time derivative of AY
NUT (4) = time derivative of Ae, INTEGER CKSUM
JED, TSEC Taken together these two parameters
specify the epoch of ephemeris time at The standard 1863 word data record from an ephem-
which ephemeris data is desired. eris tape is read by GETTAP into TAB3, NUTAT, and
The epoch is ET = JED + (TSEC/ CKSUM.
86400.D0).

Any combination of values of JED and R;j}\;gcg&s};éorking space for RFAE)E' El)n e:lritdfrl())m
TSEC such that ET falls within the time : T cont'a ns 1nt<_3rp olated and scaled, but
not translated, ephemeris coordinates, The body number-

span of the ephemeris tape i is-
o Premerts tape is permis ing is not exactly the same as in TABOUT.

sible. Highest resolution, in interpolation
will be obtained if JED is an exact bi-

- nary number representing a Julian date CETBLY is used for communication between READE
close to the epoch of interest ET, and GETTAP.
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GETTAP reads the first two identification records of
an ephemeris tape into RECI and REC2, respectively,
RECI is a 144-character BCD identification text. REC?
contains 25 single precision floating point numbers, Of
these two records, only the three jtems AJD, BJD, and
STEP are used by READE and GETTAP.

The flag ICW has three permissible values:

Valune Description

1 Means GETTAP must rewind the ephemeris
tape and read records 1 and 2 and the first
data record before beginning to search for the
requested epoch.

2 Means GETTAP can immediately begin to
search for the requested epoch since records 1
and 2 have already been read into REC1 and

28

Value Description

™

2 REC2 and the last data record read from tape

{contd) is in CETBLS3, GETTAP always sets ICW = 2

after reading a data record.

3 Means RECI and REC2 have heen preserved,
but CETBLS3 has not (possibly due to OVER-
LAY) and, thus, GETTAP must read one data
record before beginning to search for the re-
quested epoch,

V. Subroutines Used

The FORTRAN IV SUBROUTINE, GETTAP, is used
to position the tape and read the correct data record into
CETBL3. All 1/0 is done via standard FORTRAN IV
statements,
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Appendix C
DE 69 Constants

The following table lists constants for DE 69.

Velocity of light 299 752.5 km/s
Radii
Moon 1738 km
Mercury 2441
Venus 6053
Mars 3376
Jupiter 71350
Saturn 60400
Uranus 23800
Neptune 22300
Pluto 7200
Sun 696 Q00
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Appendix D

Nominal Valye Input Cards

Table D-1 presents the nominal value input cards,
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2.81872970431625+ 000
4,29976202612650+00C
S5.74814409062840+000C
7.18443137047420+ 000
8,4682118530331C7+000
9,6996559933932838+ 000
1,308187723037970+001
1.13064698116838+001
1.264849322381750+001
1.331811107176335+001
1.3812172622527% 001
1,4811592108734<S0+001
1.42211346875257+ 001
1.41223383356171+001
1.38194247064417+001

1.33131173778154+001

588452372753767-601
5«2747283716562%8-001
4.272006283861571-001
34785332061 22218-001
2.S2221644723044-001
1.99257487673276-C01
1.02€156932383073-(001
1.8E5815052272741-003
-1.00419831456223-001
-2.0253890G7 S03048-C01
-2.023T4%001324636-001

-3.S54257327€63280-001

-1.39853857125890-002
—3ZES13172676097-002
—5eZ2Z1346092€E47C1-C02Z
—7.22722040411070-C02
—-9.2458601°0C7055-002
-1.123280872394235-001
-1.31418740139228~-801
-1.432338847<28928-001
-1.€52852734¢€0100-001
-1.791146<S7510147-001
-1.20312425148164~-C01
-1.S8823832512016~-001
—2+03E08905067580-001
-2.050462<S72440210-001
~2.0303277%423470-001

-1.27422°2901510€98-001

-2 825859426807 22-003
-3« 31E50412457067- 003
-8« 55254 28242463<S-0303
-7« 54S8204834213C-003
-« 32ET72 EEE3123T77-003

-4, 2107526073514 8-403

i
(<]
»
<1

40

W

1E035€E083S-0013

[}
[}
.
(o]

CEEL11E39E0258-0N3
1.05E63Q555€5122-004
1.90932769467487251-003
3. 702720071 €£5388-003

S« 4€88006022¢5557-0833

-1.08142S7S452277-0303
~Bs 12€1752323287<-004
=5+ 17220 2€<S21E7EC-004
~-1.40€255€8002177-004
2.370248221480847-004
T« 7T7327132€8E1722-004
1.277224282S71S4-043
1. 771622071 45762-0G03
2.23€27T8700€7°11-003
2.G550201315€1261-003
2« 397Z3241857539°-001 3
3. 2E8531€720<5<S8e-003
3+ 45CE451€E581411-303
3.E5717931€2ETUE(-003
3. 560821 7309158€-003

Z.57E42541E870<87-003

—3.470C53424727167+C01
—2.01722899254235+001
—3.824CH432407270+C01
—~2e22735942727823+C01
=4 JZ2ESITUINYTH2I2I+L01
~2+407560Z62C0718°+001
-4 .5787217€874E259+(01
~2.554956C72043625+001
-4 .328S21023C00441+C01
—2.66708621557627+001
—5.0118C<07056142+CC1
-2.741954441291089+001
~5.12812817272002+(CC1
-2.77E08307EE1809+001
~5.1633138121S271+CC1
—2-77458030€08641+4001
~5.1282123262758¢€+001
-~2.73111295372€684+001
-5.018704328111699+C01
-2.6472860C7624800+001
—4.8358216219925C+C001
~252612117432842C+001
—4.5817ECSC2€0671+C01
-~2.26705724080867+C001

—-1.174728338722232+C01
~E.227Q72561723247+020C0
—1.14832ZE50270598+C01
-~ (3324147876 E42+000
~1.10€ES6E1E056822+(C1
-5.75999214798530C+0C0
=~1.0E072S5€1€6735+L01
-5.40843290763362+4000
~9.782C5133c48RT73+4C0E
-4.380890108577661+000
~8.2502752C€587079+L0C
~4.480937SE240S25+000
—7+268739S2N1362S0+CGC
-2.512E1732825¢618+000
~G+86EC1E4844S8234+4CG0
-2.284813076843942+000
~5.8E1E5E3%2587C3+L00
—2.602T24 4EZ00904+000
“He244E22804147004+CAC
-1.875782 3NSCOEZF +C UG
—2+3€6023259°CECTB1+CAC
-—1.114022359€340°+00L0
~1.520CEE4REES5138+000
~2.28317551786077-001
—4 «21EE2€392S501167-C8Z
4.68724421380822-001
1.447EQU4T84218T+C00
1.28797535182Z6404+000
2.923920534817¢35+C00
2.058026679C€ (1524000
4.378€7€75557242+C0C
2.81E431ENZ(E187+4000

4.5734292c€227322¢-0C1
2.E7076914975543-001
S«218000EcCEEETIS-CC1
Z.992°5548089169-001
S.7S324€E40377E47-0C1
3.22040€E492157859~001
£.3077€83fCScSCEC1~-CC
«52ET368E670562~-C01
«T7TIC1CCEIECETHE-DOCY
«72E08937394457-C01
~DETBETCSTESS022-0C2
«8TIZHS27812820-001
3033218¢7CC044€-DC1
mmkwwqpowHDmelOOH
m

4ZELE37126326¢5~-0C1
SLenae3a0163€7-001
44081cuaye384ec-0C1
«9EE22642681827 0012
Te32T2C1IHEEIHETE-DEL
2.27278632513145-001
7e11776EZEEEETEC-TCL
3.719881731333030-201
CeTEISOYELEC2027~-0C1
2.5056T7T136314€12-001

g g g g

1.482€€230€0€7284-0C1
7«24 50519€C21840-007
1.4¢958S22C53¢E45~-0C1
7.298170G26C036908C0~CC2
1.48801<€E223C00¢7-0¢C1
7.23U45442136422-202
1.4525€8E1561202-001
7.529€0762012288~C02
1.40531CSEEE0e134-0C1
T.24€17722930201-C02
1.326¢%824433517¢-0C1
E.T4ETTSE2838EBE-CC2
1.2230258422152¢~CC1
€e118Z1457402230-CC2
l.0€28115782¢<¢1C7-0C1
5.35836219254028-002
2.405220€€772C41-0C2
4.475248593456400-007
T«EE2E20244TEHEE-DC2
JT.48175734354938-007
C«T70B20Y3EE3E N1y ~CL2
2.39459598162487-002
J.E0EBECSZ24275C3-0C2
1.2235973ERE52EH41-0C2
1.,3E7E42€E€E5124 3<~-0C2
2.08868295256773-004
~9.0714761272€T044-CC3
-1.21996194215%22-002
=-2,23128€E8154CE42-0C2
~2.8648E3734798264-002
—S5.5442C120C42€354-CL2
-Z.68EE422€E5234CT7-C02

~4,E5SCEIH02CET21~-CC3
-Z+80675810787189-003
-T.843220€2(92109-0C3
~3.48187053F76270-003
~T«LS2E7729€5845€~CC 2
-4 .,127019158328124-0C3
-8.258€48762203C5-0C2
~4 JT1B8EBC2E228714~-003
-€430C163712C0723~-CC2
-5 .23515212415812-002
-1.C182C5252643855-022
-5 .65885125274654-CC3
-1.C376E445221164~CC2
-5 .97605E145C9541~-003
-1l.12€4242672C86S-0C2
-6 «17757305713557-0GC3
~1.1532855C1228C31—-0C2
-6 «2582C890237168-0C3
-1.1575328%07C2276-0C2
-G «215599E3€14513-0C3
-1.1420E776593132-0C2
~5 «C51255€41€0419-CC3
~14107S504221<S486-0C2
=5 «76572712599450-002

-1.687922487521247-CC3
-2 4671129021746 7-CC4
-1.95765341188752-CC2
-1.08379586795564-C03
-2+ 2CCESCC3ZCTL26~-CCT
-1.20262597407311-003
-2e 357579236561 78-0C2
-1.29¢6018288730¢8-003
-2.530528€6213615-CC3
—-1.35182C024442805-0C3
-2+ E3E34377ST774327-0C2
-12ZE336263415470-0C3
-2, 5E2C66E81€6C637-0C2
-1328ZT348E2T72046-0C3
~2.42274E861€E2024-CC2
-1.Z244F03Z57CT0156-0C3
~2422C2221228432797-CC32
~1.11474514682355-CC32
~-1.93Z34323238<S3€8-CC2
-2 4555127779884 €E-C04
-1.E843788782424C~CC2
-T«487032627051569-C04
-1.137472316257E3-CC2
-5 .210878€ 377840 4-004
-7.533811974E7€556-0C4
-2.83298283225160~-004
~3.1228455C41CE6278-CC4
-3 .8E52620253698&6~-005
1.41778272175797-CCy
Z.07337299589112-C04
C.C5441748402322C34-CCY
4 .£1024261285713-004%




1,26093091742601+001 ~1.8827052 7429424001 2 474557423 889225-003 5.77260760104190+000 -7.79637482431189-0C2 1.04734325752188-003
3.533C5004LI2E3T+L00 —4L.8ETETOCITIINT2-0C2 £.SC1S1433EC1437-CCH

NUTAT
2.3313830-05 2, 1655470-08 - 3.1934847-11 4.334€6118-05 -2.3527792S-G¢€ 1.1586%88-N2
2.3060254-05 2.3324814-08 -£.9962897-10 5.3247129-05 -2.1822892Z-48 12565265 -09

2.2833942-N%
2.26633810-05

2.2541693-0%
2.2480685-05

2.2485472-05
2.2557211-05
2.2593793-05
2.28882762-05
2.3132502-05%
2.3412201-05
2.3712645-05
2.4017118-0S
2.4303427-05
Z.4552999-05
2.4785965-05

-5.328£63%6-07
-4 ,7775474-07
-3.9980758-0G7
-3.0111851-07
-1.8526234-G7
-5.7224244-08
7.6804320-08
2,0975248-07
3.3411849-07
4,4250175-07
5.2816281-07
5.8553084-07
6.1064018-07
6.0148368-Q07
5.581%247-07
4.8310585-07

4, 4279378-08
E.3814421-08
€. 1207040-08
€.5792339-08
6, 70688717-08
E.4633022-0¢
5. 84822c3-08
4.8767450-0¢8
3. 59568428-08
2.0782676-08
4,0276198-09
-1.3163461-08
-2.9735202-08
~4.4604110-08
-5.,67650129-08

Z2«3606344-128
2. 23%53357-08
2.0730883-08
1.715425E-08
1.2180541-08
5. 9B38145-N2
-1.0817377-0¢
-8, E8325211-0¢
-1.5981824-0¢
—-2.2721281-08
~-Z2.8292111-08
—-3.2256011-08
~3.82E4634-0C
-2, 4132381-08
~3.1792931-0¢
—2.73402€7-D8

-1.4179882-0¢
-2.1545691-02
-2.8531830-0%
-3.3758045-09
-2.7458429-09
-2.8158995-09
-2.687521¢6-0¢
-3.149€745-09
-Z2.4708372-092
~1.5330471-09
-4.9611085-13
6.2073120-10
1.7280327-08
2+ 750403€-0%2
3.6396521-6°2

-1.2115572-09
-1.401050€-03
-1.4705e30-C9
-1.47308€7-02
~l.2406626~-09
-€.1353£32<-1D
-4.54289€2-10
S.3438732~-11
E.7611378-10
1.1888747-0¢
1.6308123-0%
2.0047284-0¢
2.172€0690-09
2.2512845-03
2.150£9878-09
1.94040€3-CS

4.312€31£-058
5.2¢86€10-058
4#.2232160-05
4.2€68209-05
4.250087¢<S-05
§.2323Z6841-05
4.2182230-05
4.2C455329-05
4.1320440-05
4.,1842074-C5
4%41783342-005
4e1158346-05
4.17E5728€-05
4.1 78646505
4.1328448-05

-l.7482023~-F7
-2.205721£-07
-2.61702399-007
-2.2573218E-017
-3.2031434~-C7
~2.3243722-07
-3.%73e4222-07
-2.Z232285¢-017
-2.9Z36034-07
~-2.8417832-07
-Z.0471346-07
-1.4777€74-07
-8.6781%38-0C8
-2 .54 EGCS537-08
Z.2321457-0C8
2.2210121-08

-l.889CZ1S-0E¢
-1.4742802-08
~9.4990048-C¢
-3.3772z082-09
3.292C228-0¢
1.00872e0-08
1.55783893-¢¢
2.2262215-08
2.56730756~-0¢
2.8632025-08
J.073E433-08
2.99332€3-08
2.723858C0-C¢8
2e.2802182-08
1.586<175-0¢8

2.22048301-09
4.5252095-C<
7.1005242-03
J.4u467385-C¢<
1.1459111-08
l1.2217048-0¢8
1.3621289-08
1.384c3€3-C2
1.23158778-08
1.02826%51-C¢
7.4£28330-09
4 .JE9ESEC-CES
Z.1872799-10
-32.5258198-C¢<
~7.1982157-03
-1.8467291~G¢

1.2421€17-0¢%
1.1274772-0%
€.1027032-10
€ .7085298-10
1.47e4141-10
~Z.1301%12-10
-8,2419202-1C
-1.227020¢8 -02

-1.€108C€1~

o<

-1.83212784-09
-1.93%45C3€-0¢

-1.9416878 -

ce

-1.737874€-0¢
-1.5303789-0¢
-1.1731122-0¢

1.6833858 10
1.0423811-1C

-1.2874792 -

1G

-2.Z2830481-10
~£.5987234-10C
~T7.76E78EE-10
-8.5070541-1C
-2.968087<S4-10
-9.20882e6-10

~T.257273¢E~
~€ «2572047 -

140
ic

-2.131C707-10C
-1.2178808-1C
1.2857016C-10
4 ,21f0E6E~10
E.79E4205-10

3.8067641-07 ~-2.0993870-0¢ 1.5223813-09 1.2303226-07 -1.3148086-08 g.01425C€ -1C
SCOUNTS
ICOUNT = +3712y +1856 +185€ +1 85€
+185¢y +18EE, +185€E» +18E6,
+1856 +14848¢y +18848
SEND
1 MERC STEP = z2.00

«336+00 674-01 +397-02
- 507-04 42208 «327-04
410400 .517-01 «109-01
« 437-048 « IB2-GY « 2140k
«220+00 «292-01 «584-02
- 267-04 »181~-04 «163~04
L410+00 «674-01 .102%-01
- 507-0u «8422-01 «327-08

«270-02 «€E350- 03 «304-032
«323-04 +2239-04 «335~-04
«»121-02 «701-132 +226~-02
«267-1i4 «283-Ch «280-08
«111-02 37503 «128-03
«148-04 «153-04 «155-0¢4
«270-02 «701-0G3 «200-02
«323-04 «299-04 +335-06

«127-03 «833-04P 1X0- 7
«354 -04% 43 7-0up 1xg-15
«129-02 «€E58-04P 1Y0- 7
«232-04 «3ES-0BP 1Y8-15
«531-04 «37C0-04P 1Z0- 7
«173-0% «203-tluP 128-1%
«123-02 2833-04P 1IWO- 7
«354-04 +437-08P 1W8-15




«338-01
«219-04
«259-01
«177T-D4
«-146-01
«987-0%
«338-01
«213-04

-
“~

« 725+ 00
«3u42-07
«663+00
«324-07
-« 301+400
«146-37
e 725+ 00
«342-07
«203-01
«222-08
-185-01
«1639-18
- 841-02
.800-09
«203-01
«222-08

3
- 100+01
«101-07
- 932+ 00
«110-07
« 404+ 00
«500-08
«100+01
«110-07
«+175-01
«387-08
«158-01
«384-338
«687-02
«132-08
«175-01
«387-08

y
«165+01
«153-08
- 143+01
«139-08
« 662+ 00
«727-03
«165+01
«153-03

-4939-02
«171-D8
-548-02
«154-04%
«283-02
-« 885-0%
«588-02
CHQHIO_&.

VENUS
«811-01
«847-08
« 741 -01
«700~-08
= 23601
+308~-08
«811-01
-.847-08
«228~02
+157-08
«208-07
«154-08
«347-03
«555-09
-228-02
«157-08

ERTHMN
«629~-01
«132-07
«633-01
«130-07
«275-02
«535-08
«699-01
«132-07
«113-02
«613-08
«11Z2~-02
«635-08
«8587-03
«296-08
«119-02
«635-08

MARS
«582-01
«158-08
+552-01
«132-08
«253-01
«708-0%
«582-01
+159-38

«136-02
«17C-Ct
«359-032
«140-04
«557-03
«777-05
«136-02
«17G-04

«9211-02
«507-08
«833-02
«563-08
+379-02
«236-08
»911-02
« 5E2-C8
«258-02
- 20C-03
«235~-02
+22C8-08
«106-0Z
«824-0¢
«258-03
«220-0C38

s 477-C2
«207-07
e 449-0G2
«212-07
«185-02
«-101-07
«U477-062
«219~-07
«870-04
.388-08
«762-04
«94%1-08
«330-04
«47C-C3
«-870-04
«388-08

«245-02
«127-08
«206-02
«188-08
+355-03
«10C-03
«2H5-B82
«127-08

:328-02
«158-04%
«253-(Z
«150-04
«189-03
« 809-05
«353~0G2
«153-08

«103-02
«EE3-08
»929-032
«733-08
£L425-032
« 304-08
.103-02
- 738-08
«293-G4
- 246-018
«262-04
- 243-03
«12Z-04%
«120-08
«29Z-U4

- JH6-018

«388-03
«334-07
«305-03
«3211-07
«122-G3
«151-07
«342-03
« 234-07
-590-0%
«160-07
«S8E-[LE
«168-07
«254-05
-787-08
+590-CE
«1€8-07

«STE-04
«287-08
«363-04
- 240-08
44304
«129-08
«983-04
- 287-08

«152-C3
«173-04
«114-C2
«149% 04
«651 -C4
«825 U5
«152-03
«173-04

STEP
«117-0C2
-102-07
+107 -03
«113-07
<430-04
«-501-98
«117-G2
»113-07
«344 -0%
«£41-08
«312-C%
«514-08
«140-05
«Z2Z25-038
«384 -0F
«E18-03

STEP
«23E G4
~£23-07
«234 -0y
«£53-07
«102-04
«2€4-07
«236 -8
«559%-07
<427 -C6
«273-07
<406 -G6
«255-387
«17€ -QE
«125-07
«497 -0E
«271-37

STEP

<560 -05
«3S7-08
«8453 -(05
«373-0G8
«211 -05
«201-53
+5E0 -G8

1s7-4Q3

«E45-04
«1%1-08
«ES4~-CY
-178-08
«351-04
+SER-0F
«E54-04
«1S1-0u4

«133-04
«1€7-07
«125-04
«1S1-07
«561-0°F
«775-08
«138-0C1
OHmPIDM‘
«H1E-QOF€
«885-08
+384~CE
«SE3-08
«17E~C€
+222-08
«41E-0E
«SE£3-08

.199-0%
-<02-07
«162-0%
ammu.lﬂlﬁ
«TUL4-CE
«3523-07
«198-0°¢
«€03-07
«380-07
«HEZ-07
«481-G7
«473-07
174-07
«Z226=-07
«401-C7
«478-07

«322-0¢
«£28-08
«325-CE
-£24-08
«149-0F
-289-08
«325-G€E
«€28-08

-426-04
-237-0y
-336-08
-200-04
.189-08
.110-04
.426-C4
.237-04

4.00
«16E6-05
«271-07
«154-05
+323-07
«705-06
«135-07
+166-0%
«328-07
«564-07
«161~-07
«50€-07
«184-07
«22E-07
-E46-08
«568-07
«184-07

4.00
«152-06
«143-06
«160-0G¢
«154~0¢€
«635-07
«733-07
+16C-06
«154-0¢
+521-08
«306-07
«452-(g8
« 78207
«136-08
«360-07
-521-C8
«80s-07

4.00
«294-07
«323-0¢8
«243-07
-885-0¢8
«114-07
+4E3-08
228407
«335-0¢

«2E1 -4V
«2£0-04Y
«256-08Y
«2E0-04Y
.138-08y
-140-D4V
«261-00V
<2E0-Q4V

«Z225~LEP
«4€3-07P
«202-0EP
«E51-07P
-801-07P
«2Z24=-97P
«225-0¢cP
«5£1-07P
-860-08V
+2ET7-07V
812-08y
«2¢7-07V
«3EE-DPY
«106-0Q7V
-86 0~08V
«2S7-071V

«200-07P
«ZEL-DEP
=177-07P
«ZE3-NEP
«T71-08P
«114-Q0€P
«208-07F
«ZEY4-~LEP
=221-08v
«143-0€V
. 3NZ2-02vV
«147-0€V
«134 08y
«~ES3-07TV
«303-0evV
«1l47-0€V

«331-08F
«1Z6-07P
«341-08P
«122-07P
el Z-028P
«720-08P
«381-0UFP
«156-07P

1xo- 7
1%X8—-1%
1lvy0- 7
1Y8-1%
120~ 7
1Z8-1¢%
ivwo- 7
148-1¢%

2xg- 7
2X8-1¢%
z2Yo- 7
2Y8-1¢
2Z0- 7
278-1%
2uWe- 7
ZW8-1¢
2x0- 7
2X8-1¢
2Y0- 7
2Y8-1¢
220- 7
zZ28-1¢%
Zue- 7
2W8—-1¢

3x0- 7
3X3-1¢
3yo- 7
2Yg8-1¢
3Zp- 7
1z8-1¢
3IWe- 7
U8-1¢
3x0- 7
3X8-1¢
Ivg- 7
3vyg-1c
326- 7
228-1¢%
IW0~- 7
2Wg-1¢

4xg- 7
4x8-1¢
svg- 7
4Y8-1%
470- 7
878-1%
4y~ 7
BM8-1¢




«145-01
s 445-09
«1338-01
«366-0%
.533-02
- 203-0°9
«145-01
-445-09

5
«545+01
«119-08
-483+01
«115-08
«207+01
-.622-09
«5454+{1
«119-08
. 764-02
«439-09
«727-02
« 360-09
«313-02
- 200-09
«768-02
« 432909

€
«953+01
«119-08
«330+01
«115-08
«386+01
«622-09
«953+01
-119-08
«528-02
«438-09
«516-02
«360-09
«215-02
«200-093
«528-02
e 439-09

7
«183+02
»119-08
«173+02
«115-08
«760+01
«8622-09
«183+02
«118-08

«612-03
«532-09
«518-03
. £28-09
«239~-03
«277-09
«612-03
. 532-09%

JUP TER
«30&-01
«158-08
«291-01
«130-08
«125-01
«699-GS
«306-01
«158-08
«432-D4%
+ E34-09
«H18-04
«513-09
«178-04
«274-09
«483-04
+534-09

SATURN
«211-01
+158-08
«207-01
-130-08
«859-02
«£938-0¢2
«211-01
-158-08
«132-04
«534-02
«108-04
«512-03
«8451-05
«2T74-0%
«132-04
«534-09

URANUS
+1538-01
«158-08
«151-01
«130~-08
+662-02
«€99-09
«188-01
«158-08

e Z244-04
- 835-09
«246-04
-€£33-0¢
«112-04
-284-09
«2596-04
«835-09

«132-03
»13G-02
«16€-03
+184-08
«710-C4
«934-09
«133-03
«134-0¢2
«278-05
+818~-09
«284~-08
-£583-09
.122-0%
«377-09
«234-08
«818-09

«527-04%
«194-028
«434-04
»184-08
«180-04
«S34-02
«527-04
«1384-0¢
«2E87-07
«818-0°
«308-07
+583-09
«130-07
«377T-0¢
. 308-07
«818-09

.143-Qu
.194-08
.121-04
.184-08
.532-0%
-294-09
.143-08
-194-0¢

«140-05
«111-G8
«113-0D5
«108-08
+ £28-06
«572-09
«1450-05
«111-08

«111-05
«28E-0C8
«114-05S
«234-08
« 431-068
«129-08
+11u4-058
.28E-C8
»285-08
«1U93-08
«218-08
«1G7-08
- €77-0¢
+56E-(iS
« 2€5-08
«1u9-0¢8

«103-06
«28E-8
= 123-06
«234-158
«517-07
«129-0C8
«123-06
«286-€8
e 537-0°
l02-0i8
« 520-089
L107-~08
«275-0¢9
«SEE~09
«537-0G9
«102-08

«179-07
«28E-(8
- 153-07
«238-C8
- 75408
«129-08
«179-07
«ZBE-08

«-808 07
-187-C8
«812-07
«1593-C8
«372-07
«866 -019
«812-07
«187-08

STEP
«104-07
«394 -G8
«858-G2
«359-08

2S0-G8
.200-08
«104-07
-394 -08
«370-09
«183 -G8
-280-0¢
«155 -C8
«182-09
«851 -9
«370-0¢
«183-C¢

STEP
«221-08
«334 -08
+200-08
«359-08
+105-08
«200-08
«221~08
-394 -Q08
«361-09
-»183 -08
«271-09
«155 -8
«155-49
-851 -0¢9
«251-09
«183-08

STE®
-192-08
«334-08
«203-08
«363-08
«105-03
«200-08
«203-13
« 394 -08

«733-08
«2€ 9-ge8
«€03-~08
+253-0¢
«284-08
«138~08
«723-08
«269~-0¢

«123-D8
-£25-08
«110-08
«511-0%
«£13-0°
-.288-p8
«123-082
-625-08
«273-02
«267-08
«275-09
«256-0¢
«1455-02
«136-0¢2
«Z275-09
«267-0D8

«127-08
«625-08
-105-Cs8
«511-0D¢2

Egs-09
.288-0¢
-127-08
«62E-08
«273-039
«267-08
«275-09
«256-0¢
«145-09
«135-08
«275-0%
«26 -0

«127-08
«525-08
+105-08
«511-0¢
«536-09
«288-0"%
«137-02
+E2E-0O8

+845-0¢
«475-08
+374-0¢%
«406-08
«4Z4-09
«221-08
«874~-09
«475 -08

4 .00
«1033-08
« 231 -08
«104-08
«364-08
«558-0¢
4B 7-08
«104-08
+931-08
«3172-0¢
« 465 -08
«Z243-0¢
+39€-08
«133-09
«217-08
«312-0¢
«365 -08g

4 .00
-103-08
«231-08
«104-028
«-864-08
-558-0¢
-467-08
«104-08
«231-08
«312Z-0¢
«465-0¢2
+249-0¢<
«39€ -08
«139-08
«217-08
«312-0¢
«4ES-CE

4 .00
«103-08
«331-08
«184-08
-864 -08
.588~0¢
+BE67-08
«104~-08
«931-08

«3E2-0°cV
-726-08Y
«372-0¢V
«689-08V
+1£8-0¢2y
«36E-0D2YV
-3g2-0¢8v
£ 72608V

«115-08P
«155-07P
«S26-0°P
«128-07P
«218-0¢P
« 723 -0EP
«115—-08pP
+155-07F
«3Z285-gev
«7T2E-08V
«315-0¢SV
-622-08V
«1EG~-D9V
«362-08V
«2z5-09v
«726-08V

«116-08P
«155-07P
«SZ6-012P
«129-07P
lmumiﬂmﬂu
«723-08P
«116-08P
«155-07P
«2Z5-C¢<V
«72E-DEV
«315-0¢°V
+682-08Yy
«lEE-QO2V
«3EZ-DEV
«3Z25-0%2V
«726-08YV

-115-pgp
«155-07p
«SZE-0°P
-122-07P
«£18-0¢P
«723-08P
«116-08P
«155-07p

gxg-~ 7
4¥8-15
aYo- 7
4Yg8-15%5
4Z0- 7
47g-1%
W0- 7
gwe-1%

5¥X0- 7
5¥8-15
sSYyo- 7
5y8-15
570~ 7
578-15%
SwWo- 7
EWe -15%
SXg- 7
Sxg-1&
sYg- 7
s5ya-1¢
526~ 7
578-1%
5WG- 7
5Wg8-15

ExX0—- 7
EX8-1°%
eYg- 7
6Yg-15
5720- 7
6Z8-13
WG~ 7
EWE-15
eX0- 7
EX8-1F
8YL~ 7
BY8~-1E
6Za- 7
678 -1%
EWO- 7
EWE-1E

7Xg- 7
7X8-15
Y- 7
7v8-15
7Z20- 7
7Zg-1%
TWo- 7
7Kg -1¢



«396-02
-433-0°
«378-02
+360-09
- 1E5-02
«200-0°9
«396-02
«439-39

3
« 2324072
«119-08
«242+02
«115-08
«353+01
«522-09
« 292402
«119-08
- 268-02
«.439-02
«277-0G2
«360-09
«+116-02
aNﬁ-ﬂ‘bw
«277-02
«433-09

o

«306+02
«119-08
«20€+02
.115-08
el44+(027
.522-09
«206+02
«113-038
«132-02
<439~-09
- 315-02
.360-09
«111-02
.200-33
«315-02
+439~-09

10
«E37+02
«9321-04
- 604+02
«896-04
«305+02
«449-04
«E374+02
«921-04

- 358-05
«534-09
+382-05
«519-09
«133-0F%
«274-09
«358-05
«534-09

NEPTUN
«107-01
«158-08
«111-01
«130-08
«8E62-02
+593-09
-111-01
«158-08
«122-0%
«534-09
«104-05
«519-09
-402-06
«274%-09
«122-05
«534-09

PLUTO
«5286-02
«158-08
«126-01
+130~-08
L 842-02
«639-0%
«126-01
«-158-08
«117-05%5
«524-09
«502-06
«.512-09
«290-0¢
«274-09
«117-05
«534-09

MOON
- T45+ 01
«397-04
« 705+ 01
«365-04
« 254401
«131-04
«746+01
«337-04

«852-0¢&
«318-09
-425-08
«6332-09
-188-08
«377-0%
«452-08
«818-09%9

«4390~-05
.135-038
«U41E-0F
«.134-08
«164-065
«934-09
« 430-0%
-134-08
«158-0¢
»818-09
«189-08
«6832-C9
-852-09
«377-03
«189-08
.818-092

«H4E63-G5
«134-08
« 201-0F%
«.134-C2
«156-05
«334-03
«2#69-05
«13%3-02
-203-08
.818-09
-178-08
«682-09
-« £35-09
«377-09%
«20Z-0¢
«818-09

- 215+0C
«183-04
«866+00
«177-04
«437+00
«878-05
«915+00
«132-0%

49809
.109-08
.515-09
.107-08
«273-09
«566-09
+515-02
«109-08

«£32-08
- 286-08
«754-08
«234-08
-340-08
«123-08
«754-0C8
«285-D8
«494-9
- 109-08
«515-09%
«107-08
«272-0GS
« £66-09
«515-€9%
- 103-08

«732-08
«285-08
«701-0GE
«234-028
«237-08
«129-08
«792-08
-286-08
«434-£2
- 109-08
«515-0¢°
- 107-08
«272-03
«566-09
.515-09
-10%-D8

«l24+00
«373-05
«11€+00
- 888-05
«577-01
«441-0%5
«124+00
= 27305

«261 -9
«18%08
«271 -0¢2
«155-08
«155-09
«851-03%
+361-0%
«183-083

STE®

«193 -C8
«3343-0328
-202-08
<3308
-1085-08
-200-08
.202-08
234-08
.361 -09
-183-08
«271 -0°
+155-08
«15E -a°
+851-0¢
»361-08
«18308

STEP

«+123 -08

134-08
.203%-08
«2€3-03
«10E -(8
-200-03
.202 -0ue
«334-{18
«361 -C%
«133-08
«271 -0%
«155-908
«155-02
«-851-09
«361 -09
+183-03

STEP

«188-01

€50-05
«177-01
«£28-0°%5
«9aa -6z
«Z2E1-405
=188 -0G1
«E53-035

«273-G°
«2E7-02
«275-0°
«256-08
«146-0°
«125-08
«2T7TE-GT
«2E7-08

«137-08
«£25-08
.105-0¢2
.£11-08
«59€E-0¢
-.282-08
«137-08
-E25-08
«273-009
»2E7-08
27509
«+256-08
«146-0G¢
+135-08
«Z275-09
«ZE7-08

«.137-08
-E25-08
«105-0¢8
-£11-02
«5326-0¢
.283-08
«137-08¢
«€25-08
-273-0¢
«2€E7-02
«275-0°¢
-256-08
«lu46-0°
«135-08
«275-0°
«2E7-08

«3I60L-02
«34E6-05
«335-G?
«218-0%
«167-02
.155-0%
«366-07
.346-0%

«312-0¢
«H4ES-08
«249-093
«326—-0¢€
«132-09
«217-0¢8
«312-0%
«4E5-038

oo

«103-0¢
»921-08
«104-08
«3€4-03
«558-09%
«4E7-08
«104-G8
«321-C8
«312-0¢
«4565-08
«249-09
«33%6-038
«139-C¢
«217-08
«212-0¢%
+4E5-0G3

314}

«102-08
+921-08
.104-08
«364-08
+558-09
46702
-104-D2
«331-0¢8
«Z12-0¢
«4E85-0G8
«249-09
+336-C8
«139-0¢
2217-08
«Z12-02
<4 EE-08

3]

«855-0Z2
«228-05
«817-02
+219-0FE
«411-~02
«110-DE
+855-02
«228-CE

«325-09v TxC~- 7
«726-08V T7X8-1F
«315~-02V 7Y0- 7
«EEZ2-Q8V TYB8-1FE
«16€E-0SV T7Z0O- 7
«253-08V 778-1%
«325-09V TWO0~ 7
«7Z5-08V 7TW8-1E

«11€-08P 8X0O- 7
«1E55-07P 8X8-1¢%
«326-0°P 8YO- 7
«128-07P 8Y8-1%t
«51&-0%P 8Z0- 7
«723-08P 878-1¢%
«116-08P 8HD- 7
«155-07P 8W8-1%
«325-09yv &x0- 7
«726-08V 8X8-1°¢
«315-09v BYO- 7
«EE2-N8V B8YB-1E
«16€-0°V 870~ 7
«2€E3-08V B8Z8-1F
«325~-09%v 8W0~- 7
«7Z5—08V B8WE-1F%

«11&-08P 2x0- 7
«155-07P SX8-1°F
«326-0%P 9vO- 7
«129-07P 9Y8-1¢
«518-09P SZO0- 7
«723-08P 29zZ8-1°%
«11€-08P SWD- 7
«1E5-07P 9Wg-1¢
«325-02v Sx0- 7
«726~08V SX8-1°%
«315-0°y 2v0- 7
«EEZ2-D8V 9Y3-1F
el6E-02V 9Z0- 7
«2E3-08V 378-1°%
«2258-0Sv SwD- 7
«726-08V 2WB-1€

«263-07P10X0~ 7
+1E6-0SP10X8-1%
« 248 -GZP1OYO- 7
«1E1-05P1QY8-1%
«121-02P1020~ 7
«723-0EP102Z28-1F
+26Z2-02P10VW0- 7
«l1EE-CEPI10WB-1C



«149+02
- 809-04
«141+02
« 735-04
«709+01
«363-04
«149¢02
- 809-04

11
«913-04
- 546-03
482~-04
- 295-03
.04a0
- 00g
«313-08
- 546-0¢
«103%-05
«113-08
+412-06
«6338-059
000
- 000
«133-05
«113-08

FHDG #N

«183+01
«367-04
.Hﬂ#*muu.
«258-04
«875+00
«181-04
«1383+01
« 367-04

NUTAT

«S43-086
.101-08
.206-05
«£48-09
000

. 200

- 543-06
«101-08
«179-06
«223-08
« 734-07
«116-08
«04C

- 000

«17S-06
«223-08

248+ 00
«200-04
«234+00
«182-04
«115+00
«883-05
«248+00
«200-04

.831-07
«198-08
«396-07
-108-0¢
-300

. 000

«3%1-07
«198-08
«506-07
«407-08
«217-07
«229-08
- 000

« 000

«407-08

+378-01
«1106-04
« 256~01
«1UB-04
«181-01
«542-05
«3738-01
«110-04

« 252-07
«391-08
«107-07
«214-0¢
- 000

Ny

- 282-07
«381-0C8
«143-07
.808-C8
« £35-08
«415-08
- 000

<000

«143-07
-808-08

«721-02
«718-05
«ET71-02
«E55 -5
«332-02
«320-0%
«721-02
«718-0%

sTER

-711-pe
«771 -G08
+316-08
«420-08
<G00

«00a

«711-08
«771 -08
oGEH-0O8
«187-07
«202-02
«828-0¢8
<000

.0oa

«HEW-02
<147 -07

«172-02
+467-0%
«1€3-02
~U452-0F%
«E€35-072
«228-0F
«172-02
LU467-0%

«233-08
«153-07
«102-08
«831-0¢
«CQ0
«000
«223-02
«153-07
«1€0-08
«292-07
«742-09
«151-G7
-000
L0000
«1€0-08
«292-07

.532-D2
«347-05
«486-02
«717~-05
«241-032
«156-05
«532-02
«347-0%

50
«808-0¢%
«300-07
+371-09
«164-07
-200
-000
»8308-0¢
-300-07
- 70709
«535-07
«387-Q¢
«301-07
.000
.Qoc
«707-09
«£35-07

+188-02ZVIQOX0- 7
«261-05V10X¥8-15
«1€C-02VICY0O- 7
«243-0FV1OYE -1F
«317-04V10670~ 7
«123-05V10G78-15
«l1ES-QIVIOWC—- 7
«261-0EV10WB -15

«3S3-09P11X%0~ 7
«526-07P11X%8-1F
«Z24Yy~02P11YD~ 7
«3246~07P11Y8-15
-0Co P11ZG- 7
.00 P11Ze-15
«323-09P11¥W0~ 7
«53¢-07P11WE-15
-618-09viiXxg- 7
-106-DEVIIX8-1T
«342-0SV1iYo- 7
«552-07viiyYg-1t
«CCO0 viize- 7
L0200 viizZze-1s5
«€18-09V11iWC~- 7
«10E-0EVIIWE-15




D-1199K

JULYAN EPHEMERIS DATE

X

MERC

-2.,456912427401558-001
-2,92340538874991-001
-2,29561404443271-001
-3.58364468340900-001

~-2.,788327753686670-001

-2,46832771445182-002
-2,063475124713975-002
~-1.650943€686664593-002
-1.23017303055682-0202

-8,1357351651n2<6-002

VEMNUS
£.162270:35918363-001
E. 54777807212581-001

6. £5295584722228-001

1. 0e028252237146~002
8. E5155618163848-003

be 59136127508335-003

ERTHMN
-9,707242982360208-001

-9,53061384211674-001

-9.30836723070028-001

3.36304791438788-002

= 2445734, 5

752524655 130133-003
B.20719452209157-C03
8.41728712516871-0072
8.3300355%051129-0012

8.034568401275723-003

4.22387212336201-004
1.35956253270828-C0Y
2+.24€53881188350-C0¢
~1+0275€625451525-004

-1.866159741648°4 E~C0Y

~7.5541237°562960-003
-E,0329208Zc240n45-003

~8.4157453€2978EE-003

~1.3122S€7°2782328-004
-1.07225658254107-004

~-8.328885724059%18-008

4.5210E835744183-003
Ge42174612414368-003

443720578232340842-002

~2.222756331183201-C0 S

-5.048315110377755-004%

-4.{1€32212738266-00%

-2.3880610852€989- 004

-

o

1

10

2

7]
1g
o

2

[

70122-004

-

-1.22

]
X2

s §

3]
(5]
[

2

oy
£
()

8

[&]
[l

—-ao4

4.53€E4T7T75E7 CET785-005
S« 43427 283456231-005
S« JBYUY3IGHIJEE2TE-NDS
4.15€754487<S0738<-005

3. 18C735Z0E72297~-005

2 £292371G07821SE -QCD

W

E24E6 7049254505 -0 (5

1.61187159707°927 -CC4

1 .E800C€152c4825F -0C5

1 .34121473C6095€ -C:CE

1 LREH1I5EBIHD709-CCE

—2e11Z6384€E557Q07-0UN05

-2« JU3€533<S8511256-0305

-1« 25243145422505-015

1. 7988216 70SE31C-007

1.30634513718529-C01
1.27450288714489-C01
1.51890121403862-C01
1.112050483283054-001
1.382€2€52572092-C01
S.18227497€£2X8107-002
€.21852502236227-002
7.00828899578201 -002
1.45€€6771283185~002
4.670401 860003951102

~1.81842€E54584727-002
-7.204239287207611-003
—2.07222€3N848265-C02
—~8.87365277¢572€2-003
—Z24287205833Da4422-002
~1.03433872C7374Z-002
—Z2+3E2E5315302467-C02
-1.133645429282821-002
~2+22E57948321263227-C02
-1.198902820€2271 002

-%.37342007238950 001
—1+390S43254423638-001
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Z2.24755711759188+001
3.587€1€13370335+001
2.07474045221484233+001
3.06917€58572787+001
1.870384046220223+001
2.50225568580354+C01
1.837126877468040+001

8.452ZEC487272815+000
%.88121721880818+000
T+4E8150333528931+C00
4.48E01057216371+000
§+35945147721016+C00
A.05073562921817+000
5166222686268 80+000
3558917 7TIEIS7T0+0G0
3.88023£62358162+C00
Z.014848317513450+000
2544544214 02252 4000
2.4225795N35€177+N00
1.18250171422016+C00
1.79093659815196+000
~2.8E783081212007-C01
1.1237868557708C+000
-1.75883149412256+C0Q
§4.2948295N784007 001
~3.22372592137812+000
~2.835323077°G455 -001
“H.57122€17708865+000
-1.00803100112682+000
~E«JT9E5E572157472+C00
~1.72796987274117+000
—T«427127029326252+000
~2.438556 54 4E TS E+000
~8.69%82°12651807323+C00
—2.12€3EE2624621N+000
~S.88487051452047+00Q0
=2.779520621S34¢c4+000
~1.5BES0494522170+001
—8.325332968256 7774000

—6+87343722€10015-0C1
-3.06223330629862-0012
=7.11029624761084~0C1
~3.252684510352271-001
—7.2€341830581857-0¢C1
-7.400708291312942-001
~7+325543451272¢a-001
-2.52196711341797-001
~7.28S708E7€62015-0C1
-3.592800375255C00-001
~T7.1438E01<43<282-001
-7«€1543568331699-001
~E+8S972227CE33523-001
-~3.585944147C3520-001
—SeS348Z87C0BE244-0C1
-3.50084831622568-001
~£.0540104%0320855-0C1
-3.35740462915381-001
~5s4E7178€8117¢1¢-001
-3.1539441€559110-001
~B.743075C7C15247-001
-Z2.8S024992291987-001
—3.93442214C8520C-CC1
~Z2.5E79325481742€6-0001

~1.12271147€50781-0C1
~£.285283224819582-002
~1.045823€CSCEE3L8E-101
-§.00&828425510¢85~-0p72
~2.4HRRESECR2y872C-0C7
“F.6C42274E658600~007
—8.285E2E€18728012-0C2
—5.22EE66728853885 ~007
~6e973328ES3TSCT1~-0C2
~4.718°0G535237182~002
~5«5258%4 02110008 -0C2
~%.1319244°070495-002
~3.2241282¢71452€14-0C2
~Z+HEZ2ETLTC134512-002
~2.176Z10€3€338€c5~-002
~2.70239779278C87-002
~243E5220<0C1373¢-0C3
-1.87110390707052-007
1.700827215€e115-002
~2.48295926283456-003
3.89812€1€31737¢-0C2
5.80518234169086-004
5135159202856 C1-0C2
1.13529854963961-002
9.443€S133558a93-0¢C2
2.27770744990720-002
1.07822S42C1C8C16-0C1
3.465E406360885N 007
1.307807€£75C2e~-0C1
4.B73€2913164020-002
l.52€0487€e5€2681~-001
$.86888191286278-007

7.62821491397939-003
2.13691750785974-003
84376586725 74403-001
3.553474€64923941-0G32
Se1CSTU304T49934-002
3437727439 7981€67-003
S« 810C59€63145507-0C2
4.405232812920658-003
1.C465C714E05931-r(02
% .22581296145036-003
1.10349596015C20-0C2
5.228699200921978-003
1.1871518754Cu40-002
5.58036396952265-003
1-.17145305771740~-002
5e86437790%13293-003
1.159422C7€615961-0C2
$.CH207913848277-003
1.133293970702578-002
£ .C7867686398214-003
1.05810817650676~002
5 9230611392844 -003
2+ 3523227TEE1615-CC2
555331428450203-003

1.83332835527650~-003
7.20212894€71991-008
1.448220589C6772-002
T+41015230791080-C04
1.4592391897r2118-0032
7.60820857570751 7004
1. 4883724134 78C07-002
7.8109€02232359211-004
1. 87668765241 754-003
8.021276904898E4-004
1.47982923111577-0C3
8 .23328339355631-004
1.471347865543901-0C3
B.42211398935£77-C04
1.43989393055053-003
8 .54124238C78E43-004
1. 3593118128733C-0C 2
8 .5185CEECUL2116-C04
1.2389C972274757-003
8 .255138826643393-004
1. C2454123421591-0C2
7.62908226700156-004
TeC1lE815673378743-008
6 «50299195899810-004
2« 474318474898 17-004
4e781584€ 2699380004
-3.511323683279225~-004
2.23580289913384-00Yy
-1.C0S349563527978~-0C3
~1.CC878279035946-00y
~1.25728870525358-002
~£.11639€1172C1%4-C0%



-7,11970272620188+000 1.28588623033412-001 -4 332916352160 71-002 -1.17406243923331+001

—4.,933€7056%511146+C0C

1.72451327318172~-C01 -2.89476527288103-003
7.011764CEEB3EC2-CC2 -S.75C0985C3753265~-CCY
NUTAT

-8,1319957-05
~8,1447224-05

-8,1521598-05
-8.1542354-05

-8.1510972-05
~-8.1431215-05

~8,1302096-05
-8,1152836-05

-8.0972742-05
-8.0780970~0%
-8,0591167-056
-8,0417853-C5
-8.,0275602-0%
-8.0177997-05
-8,0136437-05
-8,01589293-05
-8,(24%9022-0%

-3.0583881-07
-2.03223850-07
-%.50113138-0C8
1.1499753-08
1.1277042-07
2.042%5150-07
2. 8147201-07
3.4011761-07
3. 7619817-017
2.8631731-07
3.68U2849-07
3,2033340-07
2. 441010107
1.4%247304-07
2.1054717-08
-1,1223013-07
-Z.4761168-07

5,0025522-08
$.2882988-08
S. 3618425-08
5.2135621-18
4, 8374902-08
4.2361135-08
3. 41332108
2.383305€6-08
1,1673013-082
-1.970€683-0¢
-1,6422504-08
-3,1065817~-0¢8
-8, 4845721-38
-5.6043306-08
-6, 404753%9-028
-6.7594683-08
-6, 5963673-08

T.7580202-0¢
3.6285788~{12
-7.1761574-1U
-5,2392152-083
-9,7879748-0¢
-1,4257330-08
-1.8587361-0¢
—~242561406~-08
~2.59622%€1-0¢8
-2. 8405745-08
-2.9408464-0¢
-2.8532882-08
~-2.5386497-08
-1,9735435-08
-1.1857254-08
~2.0934164-02
8.690}0642-(i

-2.0254733-073
-2.1318692-09%9
- 2.21527325-09
~2.3228877-09
—2e23784519-02
-2.2758100-02
-2.1192621-0¢
-1.877113€-09
~1.5688060-0G%
-2,.,3056840-10
~1.2283705-10
S.51C7TU8E~-1C
2.1732180-03
3.42€30G72-09
4.5718300-079
5.2827851-09
S.62002580-02

-5.17840801-10
~1.42273€7-141
-2.18939874-10C
-1.1837471-11
9.2823393€-11
8.41255139-11
2.,64627382-10
5.1504671-10
9.2780842-10
1.4555781-0¢
1.885€81322-09
2.324£742-0¢2
2.5208144-09
2.4773246-C3
1.9043564-0%
1.0915143-0¢2
Je28421€2€-11

14335723005
1.82536380~05
1.21472585-05
1.2082716-05
1.734452¢<-05
1.7€E58€ 72-05
1.773843€-058
1.77282032-05
1.7711231-CS
1.7709657-5
1.7734E3<S-05
1.778532€E-15
1.785¢82¢€-85
1.7°54103-05
1.80€ZE31-05%
1.8178028-085
1.82°Z52€-0¢%

-2.0134755-07
-2.11572€8-07
-2.1258481-~07
-2.0384E70-07
-1.8EE0325-07
~-1.5722883¢~-07
-1.2168742-07
-7.9160<S80-08
-2.2L558561-08
2.3245867-08
7.£8211577-0¢8
1.2630730-107
1.7038108-07
2+0484257-07
2.2€49782-07
2.3281230-07
2.2226759-687

-7.25776€3-0¢
-2.8348582S-09
1.3965101-0¢
6.7517731-09
1.1520385-0¢8
1.6021 304 -08
2.0002025-G8
2.32313645-08
2.5457556-0€
2,6425781 -08
2.5902823-0¢8
2.3712506-08
1.9772408-0¢
1.414883€-08
7.0771366-0¢
-1.0215726-09
-9.55785618-C¢

842038856 -09
3.212580€e-C¢<
CLEE11233-0¢S
S.702<308-0¢2
23406426 09
8.5507c74-02
7.2227254-09
5.57902%€63-0¢
2.27BE145 -2
5.156387&-1C
~ZLEET3HY 608
-5.1233542-0¢
~C.E1266792-0¢
-1.2806187-0¢
-1.8340242-08
~1.6856522-0¢8
-1.70473€2-08

4.7875204-10
T.18MS539 -10
1.2882%42-10
-7 «3633€54 11
~2.8762144-10
-4 .8722115 ~10
—7.5745824-10
-8 .,94%55252 -10
-1.25%2528-03
~1 .5085917 -2
-1.5923792-09
-1.790€6168-0°¢
-1.7356040-03
-1 .598742E (¢
-1.0762%0C-08
-4 .75£2911-10
Ze54210S2-10

-7.1771180-1C
~2.5017432e-10
-Z.8378£492-10
-4 e1324C08-10
-4 .171024%5-10
~4 725801210
-4 .9992569-10
-5.0906%2u~-10
~-F .267220° 10
-4,3728122-10
-7 JOGEGEZO XD
-6.0%26710-11
2.8607782-10
E.6002€22-10
1.0308781-0¢
1.2672€6%-09
1.5402723-0¢C

$COUNTS
ICOUNT = +257€ +1288» +128%, +1 728,
+1Z288y +1288, +1282, 41288,
+128¢E +102049 +10204
$END
1 MERC STEP = 2.CE .
.3396+00 2.674-01 .926-02 «270-02 «630- 43 «300-87 «127-03 «8233-D4P 1X%0- 7
« 507-04 «422-0u «327-04 «323-04 «299-U4 «335-04 « 254 -04 43 7-04P IXE-15
«410+00 «.517-01 .109-01 ic1-g2 «701-03 «226-03 +129-02 «5E8-0uP 1Y0- 7
«497-04 »382-04 «314-04 w267~k «+233-uUb «Z280-04 «231-04 «368-0C4F 1Y8-15
«220+00 .222-01 .584-02 «111-02 «375-073 «129-02 «631-04 «370-04P 120~ 7
e 26704 «181-04 «163-084 «148~-004 «152 -004 «155-04 «172-04 203-0ap 178-15
J410+00 «.E74-01 »102-01 «270-02 «701-073 «300-082 «123-02 «823-C4P 1¥WO- 7
« 507-04 42208 «327-04 «I23-04 .293-04 +335-008 « 354 -C4 4T T-04P 1WE-1F



«338-01
«219-04
«259-01
«177-04
«146-01
«987-05
«338-01
«219-04

2

« 725+ 00
«342-07
« E634 00
«312-47
« 301+00
<145-07
« 725+ 00
«342-07
« 203-01
.22T7T-018
«»185-01
.134-08
. 84102
.735-02
«203-01
.227-083

X

- 100+ (1
»343-08
- 932400
+322-08
« 408+ 060
<J453-083
« 200+01
«343-08
«175-01
«411~-08
«+158-01
.338-08
« 68702
«172-138
»175-01
+411-0sB

4
« 165401
«149~03
«143+01
«134-08
« 662+ 00
«728-09
«165+01
.143-08

- 8938-~02
+171-04
« 548-02
«184-04
«293-02
«884-05
«558-02
«171-04

VENUS
«811-01
+813-08
« 78101
«704-08
« 336-01
.318-08
«.211-01
«813-08
«228-02
.120-08
.208-02
«153-08
»947-02
«59e-09
«228~02
+159-08

ERTHMN
«E£99-01
«120-07
«€33-01
«132-07
«275-01
«574-08
» 6299501
+132-07
e119-02
«.511-08
«112-02
«560-08
«4ET-03
+234-08
«119-02
+.511-03

MARS
. 582~01
«153-08
«-552-01
.131-08
«253-01
«&85-09
«582-01
«+158-08

-136-02
«170-04
«S59-03
«140-04
«557-02
«77€-05
«136-07
«170-04

«211-02
.554-08
«833-02
. 450-08
«379-02
«213-02
«311-02
«5E58-08
«258-07
.18¢-08
«235~-03
«212-08
«106-03
. 805-0¢2
«258-07
«212-03

«HT7T7-D2
«204-0G7
«449-02
«1381-07
«135-002
«338-02
«H77-02
. 204-07
« 270048
«105-07
« 762 -04
«881-08
«330-04
+HE1-03
- 870-04
«108-07

-285-02
.198-082
-206-02
.188-08
«955-02
-101-03
« 245-02
+13%8-p8

«328-012
«152-04
«253-02
- 150-04
«189-02
« 809-0S
«353-03
« 153004

L163-02
«553-08
.939-03
.684-G8
L42E~03
«287-03
.103-02
. 684-08
.297-04
«252-08
.269-04
.383-038
.123-n4
+135-08
$Z92-110
.383-02

«Zh8-02
+ 321-07
L205-032
«318-07
«132-03
«143-007
«348-03
«321-07
«250-08
. 1l66-007
+58E-0F
- 150-D7
«254-08F
-788-08
+530-0F
«16E-07

«2TE~{:4
«286-02
«283-014
«235-08
La89-04
»123-08
« 28214
»236-08

»152-03
«179-04
«114-C3
«143 U4
«£51-19
«825- 0%
#152-0G3
«173> 04

STEP
«117 -03
«117-07
«107-03
«971-083
430 -08
«4938-03
«117-02
«117-07
«344-05
«483-07
«312-0%
«530-08
«1840-05
«217-22
« 284 -45
«580-32

STEP
«235-U4
«523-07
«234 -Ch
2 507-017
<102 -84
«2%1-07
« 236 -0tk
e EZ29%U7
+438 -U5
«Z2392-07
405 -L6
«252-07
«176 -0¢6
«123%-07
438 -06
«23%07

STERP
«559-CF
«405-33
453 -5
«377-03
«211-0U5
«203- 0438
«552-U8
«405-U8

-E4E-08
-1S1-C%
-554-08
«173-04
«351-04
e SEU-DT
+E54-08
.191-04

+128-04
«17E-07
«125-08
-1€E35-07
«561-05
«-703-08
»138-04
«176-07
«84186-0F
-771-08
«384-0€
-113-07
.176-DF
-283-07
«H1E-0E
«110-07

«139-0°%
« £EU-07
»162-0F
«£06-07
«T04-0€E
«385-07
.13¢-05
-£E0-07
LZ8L~-07
24€2-07
«404-07
~431-07
«175-07
«232-07
«404-07
«UE3I-7

«323-0¢
«-E24-08
«32E5-0F€
«E21-0¢2
«14<S-CE
+277-08
«322-0F€
-E24-0%

426 -04
+236-04
» 33604
«200-04
«188~04
«110-04
«42E-04
«236-04

4,00
«1€6-0F
«321-07
«153-05
«277-07
- 705 -0€
-133-07
+166-05
»321-07
+E6Z-07
«1323-07
«507-07
«176-07
«22E-07
«5S45~-08
« 58207
«175-07

4.G06
+152-06
+150-0¢€
«15%-0E
«143-0C
+E33-07
«C65-07
.152-06
-150-06
.525-08
«856-07
+455-08
«772-07
.20%-08
«337-07
.525-08
»856-07

4.00
«224-C7
«S54-08
242-07
«332-C8
«113-07
«475-08
« 23407
«254-08

<261 -048vV
«2E80-0aV
«256-08YV
«2EN-04V
«13E-08YV
-140-04V
«281-0uyv
~ZEC-DuV

«22E-CEP
«Z15-07P
«202-0CEP
~4E3-07P
L2000 -07TP
«1S3-07P
«225-05°P
«£15-07P
«855-ngy
«244-017V
«787-C2V
«240-07V
36202V
«120-07V
«355-0%2V
«38N-07Y

«Z210-07P
«254~-DEP
«181-07P
<224 -06P
«783~08P
-113-06°P
«210-07F
«254-0EP
«268-00V
«142-0¢V
«281-08y
«125-06V
-136-08y
«725-07TV
.281-08y
«142-0%V

«32E-0LEP
21%8-07P
«38E-LEP
+123-97P
«1588-08P
«6ST7-08P
«34E-CFP
154 -07P

1¥0- 7
iXg-1¢t
i1Y0- 7
1Y8~-1€%
1Z2¢- 7
178-1¢
iwo- 7
i1wg-1¢

2X0- 7
2X8-1¢%
zye- 7
2Y8-1%
220~ 7
228-1%
2W0- 7
2¥W8-1%
2o~ 7
2X8-1¢%
zye- 7
2v8—-1¢t
220- 7
278-1°%
ZWl- 7
ZW8-1°%

3x0- 7
3X38-1%
3ya- 7
3Yg-1cx
3Z¢- 7
378-1¢%
Iwe- 7
3Wg-1%
IX0- 7
3X8-1°%
3vyo- 7
3I¥Y8-1¢
3Z0- 7
3Z8-1%
IWl- 7
3wg-1¢

4x0- 7
y¥X8-1¢
4yo- 7
4Y8—1°%
470~ 7
478~-1¢
WO~ 7
yWB-1¢



+185=-U1
. 443-09
+138-01
«369-1U9
.633-02
.203-0%
«145-01
. 443-09

[
el

544401
.119-08
488201
.115-08
.207+01
.622-09
L544+01
.119-08
L754-02
. 439-09
J727-02
.360-0U9%
.312-02
.200-0%
<754—02
. 433-09

&
.351+01
«+119-0¢8
.833+01
«115-08
2346401
«822-09
+251+01
«119-Ug
.588-02
o 4393-U9
.518-02
- 360-02
.214-02
«200-0¢2
.588-02
. 439-0°2

q
.1824+02
.119-08
J158402
. 115-08
711401
«622-09
.182+02
.119-08

.612-03
.525-09
.515-03
.524-0¢
«239-012
«265-09
«512-03
.525-0¢%

JUPTER
.306-01
.156-0C8
.291-01
.129-0¢8
.125-01
.682-09%
«306-01
.156-08
482-048
.E22-09
L41E-08
«516-09
L177-04
- 2E7-0°9
L482-04
«522-0¢9

SATURN

»235-01
«156-18
«207-01
-123-08
.855-02
68Z2~-0%
.235-01
+1856-0¢8
«.132-08
«522-09
«134-04
«516-09
.558-05
«Z2ET~0US
.134-08
«522-09

URANUS
.147-01
«1856-08
.150-01
.128-08
.66C0-02
-682-09
«150-01
«156-08

24408
.827-0%
-246~-04
.634-0¢2
.112-08
.382-09
«25E-04
.827-0°

«193-03
« 19408
.166-032
«184-0¢%
. 710-04
«394-0°
«133-03
+184-08
«.277-08%
-818-0G%
«282-05
«-€£82-09
.122-086
«377-0¢
«2832-06
.818-0¢

.531-04
.184-02
.538-08
«184-08
«223-0%
«394-0¢
« 538-04
«194-028
. 391-07
«£18-0°%
. 313-07
«682-09
.127-07
« 37702
«331-07
+218-01°

+.1842-0%
.194-08
.11E-00
«120-08
- 4238-0%
. S84 -0°
.142-04
«194-019

« 140-05
.110-0¢E
«113-08%
«.108-08
«528-0%
«556-0128
«140-05%
«110-08

«111-05
«284-0¢
»113-05%
«220-08
2 487-006
.121-08
»113-495
«284-08
«255~-018
-10u9-08
«217-018
~106-08
«362-07%
.551-0°
+253-08
Jlue-gg

«155-08
.288-018
«125-06
«230-08
«509-07
«121-08
«156-0¢€
2841038
+5€2-0¢
«139-(18
«55%8-09
+10E-U8
«234-079
«551-02
«562-0%
+103-08

«152-07
284-UI8

«152-07
£230-08
«710-08
.121-08
«152-07

J284-(:8

.808-07
«185 -8
<814 U7
«158-C3%
«372-117
864 -L9
«814-017
.185-0¢2

STEP
«131-07
«394-08
«874-073
«3593-08
«386-08
«200 -08
«101-07
«2948 -08
«371-0°9
183 -8
«265-09
«155-C8
«152-U9%
+852 -0%
«371-0°
.183-0C¢8

STEFP
«213-078
-394 -08
«232-08
«262-08
«115-352
.200-08
.232-02
«334 -8
«361-139
«183 -2
« 27009
+155 -08
«152-d3
.852-0°
«261-0¢9
<183 -0¢

STEP
.132-38
«394-08
«202-08
«352-u8
«106-03
.200-028
«202-03
.334 -08

-743-08
.263-08
«E07-08
«259-08
«284-08
«138-0¢F
+7440-08
+269-0¢8

«1335-0%2
.£E1S-08
.111-02
.511-0G¢
.€16-09
.271-08
«135-88
!muw W|Umm
.273-0°
«266-08
«273-02
«255-08
«14G~0°
«132-0¢
«273-0G%
ONmM|Q e

«136-0°
.61¢-0¢8
«105-08
«513i-C2
£285-0G2
«271-0¢
«135-02
«61S-08
«273~-02
+26E-08¢
«273-0°
-255-0C2
«144-02
«13z2-08
«273-0°
.266-0¢8

«135-08
.612-08
«105-08
.511-08
»£25-09
«271-08
«135-08
S515-08

4 .

«838-01¢
«470-08
«856-09
«.238-08
«425-0¢
«221-08
«856-0°¢
«470-08

oG

.101-08
.231-08
.104-0D8
.8632-028
«558-0¢
~ue7-C8
.104-08
.231-C8
«312-03
+H45E-08
«247-0S
+ 796 -08
«133-G72
.217-08
«312-0°
+465-08

Ge
.101-08
«231-08
«104-08%8
+863-C3
«558-073
L487-08
«104-08
.931-~-0C8
«312-03
«465-02
24702
-386-08
«133—-09
.217~-C8
~312-03%
45508

oo
.101-0182
.931-08
.104-08
.8£3-08
«558-0¢
+H467-08
«104-03%8
+231-08

«3<8-N9V
«731-08YV
«343-09V
«681-08V
»171-0°V
«35€-0D2V
«3¢3-02V
«731-08V

«115-08°P
+154 -0OTP
«3Z%-0¢P
«123-D7P
«£15-0¢P
.585-08P
.115-n8pP
<1584 -0T7P
«3123-0%2V
.71 7-0C8Y
+314-0¢cV
«680-08V
«1E2-0¢V
«352-082v
«323-09V
«717-08Y

«115-08°P
«154-C7F
«326-09P
«122-0C7F
«515-28P
+685 08P
«115-08P
+L158-07TFP
«323-03V
«717-0EV
«318-0°V
.680-08V
+1€2=-D2V
»352-08V
«2Z3-0%8V
71708V

«115-N8°P
<158 -07P
«SZ6-0¢P
£122-07P
.£15-0¢SP
«585-N8P
»115-08°P
.158-0T7P

4x0- 7
4¥8-15
4YD- 7
BYe-15
420~ 7
47g-1€
4up- 7
BWE -15

5¥0- 7
5X8-15%
5Y0- 7
5Y8-15
520- 7
57e-1¢%
5W0- 7
SWe -1t
5X0- 7
5x8-16
s5YQ~ 7
SY8-15
570- 7
57815
5W0— 7
SWe-1E%

eXo- 7
Ex8-1¢
eYO- 7
6Y8-1%
eZ0— 7
6Z8-15
6W0- 7
EWE-1%
eX0- 7
EX8~-15
gYC- 7
6Y8-1%S
6Z0- 7
678 -1%
sWa- 7
SWB-15

Yo~ 7
TXE-15
7Y0- 7
7Y8-1¢
720- 7
778 -1%
Jue- 7
TWw8 -1%



. 368-02 « 354115
«439-09 «522-09
«375-02 «288-05
.360-09 «.516-09
«165-02 «125-05
.200-09 .257-039
»375-02 «354-08%
L439-02 .522-0¢9

3 NEPTUN
«157+02 «125-01
«119-03 .155-08
«280+02 «587-02
«115-¢8 .129-D8
+115+02 «267-02
.622-03 .582-09
«280+02 «125-01
.112-08 «156-08
« 313-02 .696-0¢
.439-09 +522-09
«187-02 «124-0%
+«350-09 «516-09
« 669-03 « 509-06
«200-03 «267-02
«313-02 «124-05
432-09 .522-09

9 PLUTO
. 304+ 02 «T44-02
.119-0U3 +156-08
«166+02 «126-01
.115-03 «.129-08
- 879+01 «558-02
+622-09 .682-0°
- 304+02 «126-01
«112-08 «15E-018
.186-02 «122-05%
«439-09 «522-119
«315-u2 . 784-0€
.360-02° «516-09
QH#OIQN QMNM‘QM
»210-32 +267-03%
«315-02 «122-05
.432-09 «522-09

10 MOON
« E3B6+02 « 745+ 01
. 341-0% +400-04
« 604407 « 705+ 01
.300-04 «364-04
« 299402 « 351+ 01
L408-08 .176~-0%
« 636+02 » 745+ 1001
.941-04 & 00-04

. 380-082
«818-02
«399-08
.582-0°
«178-08
.377-8°
«399-08
.818-09

«Z2T7T8~058
.124-08
«487-05
«184-0°2
«204-0¢%
«3394-02
« 59705
+134-08
«169-D¢
.518-09
«140-02
«582-09
«630~-02
!HNﬂlﬂw
«169-008
+812-09

.488-0°%
.134-08
+.313-05%
.184~08
.130-0%
.924-09
.488-05%
.L3y-00
.188-08
.818-02
.188-08
.582-09
«832-09
.377-09
.188-08
.218-09

« Sl+ 00
«182-04%
« 870+00C
«177-D4
«412+00
. 788-05
e 91E+0QU
.182-04

«HEE-DC

«109-08
«E0E-0O°¢
»106-08
«ZEE-09

«551-0¢
«SLE~D9
«1132-08

+5T78~-08

«284-08
«SET7T-UE

«230-08
«268-08

.121-08
-678-08

«284-0138
+458-09
«109-08
+S0g-0%
«1U5-08
«26T-02
«551-0%
Su8-0iI%
«103-08

731018
«284-08
. 752-08
»220-08
3108
«+121-038
«752-08
+28484-018
+488-09
. 1439-08
.20e~-ue
«106-~-03
2B T7T-0IC
+551-062
+SQe-c
«109-08

«1Z28+00
» 286-05
«117+00
« 829-05
578~01
«427-05
«1Z24+00
+«286-015

«260 -9
.183-02
«270-09
+155-08
«152 -8¢°
«852-09
«360-09
«18302

STEP
.192-08
«334-08
«282-08
«3569-1u8
-106-08
.200-087
«20Z -08
»33948-013
«360-0°2
«123-08
«270-40%
«155-08
+152 -89
«852-4372
«360-89
«122-08

STEP
«192-08
«2384~-033
«Z202 -C8
«388-02
.1807-08
«200-08
«202-08
«334-08
.260-0°2
«183-02
+270-09
»155-08
«152-C8
.852-09
«350-0¢
«183-08

STEP
188 -01
eS44-01s
«178-01
«530-US
«803-02
«231-d5%5
.188-41
«EU48-05S

«273-0¢
-.2E5-08
«272-0¢
«255-08
«140-0°
«122-08
«27Z-0°¢
«2£6-08

«136-0¢8
-.£18-08
.10€-08
.£11-08
-59E5-09
«.271-0%2
+136-08
«612-08%8
«272-0¢
«2E5-08
«272-0°2
«+255-08
«140-09
«122-08
«273-0¢
«2€E-07

«13€-08
+€13-08
+10&-08
+211-GC8
«595-09
«271-08
«13G-08
.E19-08
«272-0°
»2ES-08
-27Z-0¢%
«2855-08
14002
«122-08
«273-0°
+256-08

«359-02
«353-0°%
«337-02
«221-0%
«164-02
«143-0F
«353-02
-353-05

Y,

«I12-09
-485-08
«287-03
«395-08
»139-C2
«217-08
«212-0¢
46508

[

.101-08
«331-01
.104-08
«8532-08%8
-558-09
457-08
L104-08
-.231-08
«312-09
~455-03
«247-0¢
+3396—-08
«138-0¢
«217-08
«212-0%
«465-08

(s}

«101-08
«231-08
«104-08
-853-03
+558~-09
«467-08
10408
-931-0G8¢
«312-C%
«8485-08
247-09
«335-08
.132-0¢
-217-08
«Fl2-02

«465-08

50

«858-02
«232-035
«819-03
«221-05%
£ 327303
«953-06
«858-02
+232-0%

«I2Z-09V
«717-08€V
«314-0°

-G EQ-02V
«162Z2-09V
«383-08vV
«32Z-09V
«717-08V

«115-D2P
«154-07P
«926-09P
«122-07P
«515-t2P
«5E5-08P
.115-02p
«1S4-07P
«32ZT-0%v
«717-08YV
«318-02y
«SEQ-QEV
162 -02V
«3E£3-08V
«3232-0°%v
71702V

«115-08P
«154-07P
«92€~-09P
«123-07P
+515-02P
«EE5-08P
«-115-02P
«154-07P
«223-09%V
.717-n2v
«314-02Y
<G EQ-NAY
15202y
2X83-08vV
«322-0%Y
«717-08YV

7X0- 7
TX8-1°%
7v0- 7
7Y8-1%
7ZC0- 7
T7Z8-1¢
TWo- 7
Twe-1¢

8¥o- 7
8¥xg-1¢
gye- 7
8Y8—-1¢t
aze- 7
878-~1¢€
awa- 7
8wWw8-1€¢
exe- 7
8axg-1t
avyo- 7
8Yg8~-1¢g
8zg~- 7
8Z28-1F
swe- 7
8W8—-1%

axe- 7
S¥e-—-1¢
sye- 7
9Y8—-1¢%
270~ 7
978-1¢
owWn- 7
Sus-1¢
axe- 7
IX8~1%
Iyp- 7
gYg-1¢
70~ 7
9Z8-1¢%
awp- 7
awg-1%

«262-07P10X0- 7
+175-0S5P10X8-1€¢
«24 3 -02P10OY0~- T
«1EC-05P10Y8-15
«118-03P10Z0~- 7
« TCE-QEP10Z8-1C
«262-0ZP10WE- T
«175-NEP10WB-1E



«142+02
- 801-U¢4
«l81+02
» 739-04
«702+01
- 354-U4
«14%4394+02
e 801-0G4

11
«314-04
- 587-09
<H81-04
«260-09
PRiTETy
- 000
2314-y4
«587-09
«S66-06
«122-08
«407-06
« 544-09
.00
- 000
«365-06
«122-08

GHDC eN

«133+01
« 374-04
174401
«353-04
«82E+00
«1E3-04
+183¢02
« I7U-0Y4

NUTAT
-.483-08
«954-09
«202-0%
- 484-09
. 0040
« 000
O#QMIQW
= 254-09
«171-036
«233-08
« 7T76-07
«100-08
300
« 000
«171-08
«233-08

« 2474+ 00
«198-04
« 234400
«182~-01y
«11E5+00
«858-05
«287+00
«1388-04

«854-07
.183-08
«334-07
«966-09
000

- 000

«354~-07
«189-08
- 8458-07
«HB43I~0e
«211-07
«132-0:8
. 000

- UOO

~4E2-07
- G4Z-0g

«377-01
«1132-04%
«289-01
«1UE-04
e1G2-011
«492-05
«377-01
«113-04

«227-07
+358-08
«105-07
«183~018
- 000

«Uag

«227-07
«358-08
«132-07
-84Z-08
-E818-08
«271-08
- Qoo

<L00

«+138-07
« 38308

«717-02
«711-G5
«E77-02
+E57-CS
«228-u2
«303-0u5
«717-02
«711 -0%

STEPR

« 58508
«715-08
«304-089
«2E0-08
-030

000

-€85-u8
« 715 -08
«423-038
«152-€7
«129-03
«701-C8
<000

+0GD

43803
«162-07

«172-82
47205
«1E68-02
«4448-085
«740-072
+208-0F%
«172-02
7208

-221-08
«137-07
+82S2-09
«635-08
-000
Masld
«221-038
«137-07
«1Z7-08
«32G&-07
«ES0-09
«132-07
«CCO
Peilely]
+157-0¢8
-308-07

«527-03
«248-05
«430-02
-218-0%
«237-03
«147-05
«527-02
« 24805

50
«779-0¢2
«273-07
«335-09
«136~-07
=000

« 008
+778-013
«273~-07
-725-02
-533-07
«335~-09
-Z260-07
-000
e
«725-0¢2
«592-07

-1€8-02VIGX0~- 7
«25S-0FVIOXB-1F%
«1E80-07V10YO0- 7
~241-05V10YE -15%
«822-Nuv10zo~- 7
«113-05vi0ze-1¢5
«183-02viowo- 7
«253-0EVIOWE-1F

4 E7-0SP11X0~- 7
«528-07P11X8-15
-188-0°FP11Y0- 7
«Z2E8-CTP11Y8-15%
-0Co P1120- 7
.000 P1178-1%
~4E7-09P213UQ~ 7
«528-07P11WB-15
«EE3-0SV1IINO- T
«113-0FV11x8-1F
«2S7-0SV11YD- 7
«514-07vi1ve-1¢
«QCO0 Viizo- 7
-ooo viiZe-1t
~EE3-012V11IWD- 7
«112-0EVIIWS~15

171
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